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Coinhiiiatioii  (]yl<>l<>xi<*  (lliniiollu'rapy  in  A<lvaiiced 
DiHscminalc'd  Breawl  Cai'ciiioina 

KZHA  M.  (IRKKNSPAN,  M,D.,  F.A  ('.!'. 

Tlic  therapeutic  value  of  cytotoxic  chcinoth('i'ai)y  for  adxaiiced  breast 
curcinoiiia  has  not  been  clearly  delineated  althoiijili  recent  clinical  studies 
demonstrate  a  substantial  dep;ree  of  tunior-inhibitoiy  action  by  a  variety  of 
intlividual  chemical  agents.  Short-term  regressions  with  clinical  remission  of 
several  months  duration  may  be  induced  in  30-75%  of  patients  treated  with 
sucli  alkylating  agents  as  thio-TEPA,  Cytoxan  and  Chlorambucil,  or  the  anti- 
metabolites, Methotrexate  or  5-Fluorouracil  (1-6 1.  Despite  this  high  incidence 
of  response,  controversy  persists  regarding  the  ])roper  time  to  employ  these 
potentially  toxic  drugs  in  the  natural  course  of  metastatic  breast  carcinoma. 
Considerable  doubt  also  remains  among  clinicians  as  to  the  single  drug  of 
choice,  if  any,  the  optimal  method  of  drug  administration  and  the  relationship 
of  chemotherapy  vis-a-vis  the  various  forms  of  endocrine  or  ablative  thera])y. 
No  icliable  data  are  yet  available  to  indicate  whether  any  of  the  diverse  and 
often  distinctive  patterns  of  metastatic  organ  involvement  encountered  com- 
monly by  the  practicing  clinician  may  respond  preferentially  to  one  or  another 
of  the  oncostatic  agents.  Although  the  synergistic  effect  of  drug  combinations 
on  animal  tumors  have  been  well  known  for  many  years  (7,  8),  the  clinical 
literature  has  been  devoid,  until  now,  of  any  substantial  study  of  combined 
simultaneous  and  sustained  administration  of  two  or  more  different  cytotoxic 
agents  in  breast  carcinoma. 

We  have  attemjited  to  assess  some  of  these  vai-ied  aspects  of  the  chemo- 
therapy of  breast  carcinoma,  particularly  the  question  whether  clinical  syner- 
gism can  be  safely  obtained  by  the  use  of  simultaneous  drug  combinations. 
Over  a  five-year  period,  113  cases  of  advanced  breast  carcinoma  were  treated 
with  simultaneous  intermittent  courses  of  Methotrexate  (MTX)  plus  priming 
and  maintenance  doses  of  thio-TEPA  (TP).  The  term  "combination  cytotoxic 
chemotherapy"  was  applied  to  this  use  of  near-toxic,  effecti\'e  dose  levels  of  two 
or  more  cytotoxic  agents  capable  of  inhibiting  tumor  growth  by  ditTerent  bio- 
chemical mechanisms.  Preliminary  results  of  this  therapy  with  a  simultaneous 
alkylating  agent  (thio-TEPA)  and  an  antimetabolite  (Methotrexate)  were 
published  (9)  in  ]9()3.  Since  this  rejiort,  three  cytotoxic  agents  (5-Fluorouracil, 
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ArrX.  TP  I  lic'i'ii  ciuploycd  siiiiultaiicously  in  (■(M'tain  "(IcsinM-atc"  situa- 

tions, spi'citically  in  all  patients  prcsontinj^  with  massive  nietastatie  hepato- 
in(\<j;aly  (,10),  and  in  some  with  lymphangitic  pulmonary  carcinomatosis  or 
iai)i(lly-growing  cerebral  metastases.  The  combined  toxicity  of  these  drug  com- 
binations was  tolerable,  under  proper  safeguards,  even  though  cacli  agent  was 
given  to  its  ])oint  of  clinical  toxicity. 

The  sine  (jua  non  for  the  safe  use  of  cytotoxic  drug  combinations  include 
wide  clinical  experience  and  knowledge  of  the  toxicity,  pharmacology,  dosim- 
etry and  mechanism  of  action  of  each  agent  alone.  Most  important  has  been 
the  necessary  modification  of  dosage  in  accordance  with  the  clinical  conditioii 
of  each  jiatient.  Prior  to  deciding  on  dosage,  patients  were  always  assigned 
to  "good"  or  "poor  risk"  categories  dependent  on  general  medical  status,  ]iat- 
tern  and  extent  of  metastases  and  lapsed  time  from  previous  therapy.  Early  in 
our  study  it  was  emphasized  (9)  that  antimetabolite  dosage  could  not  be  pre- 
scribed on  the  liasis  of  body  weight  or  without  careful  daily  scrutiny  of  the 
l)atient  during  the  initial  course  of  combination  chemotherapy.  Important 
sujjportive  measures  appear  to  have  been  instrumental  in  maintaining  a  I'ela- 
tively  good  tolerance  to  combination  cytotoxic  chemotherapy.  These  included 
the  use  of  aqueous  crystalline  testosterone  as  an  anabolic  and  hematostimulative 
agent  (as  well  as  for  any  antineoplastic  action  I  and  parenteral  B12  to  partially 
protect  the  bone  marrow  against  antimetabolite  depression.  Oral  steroids  in 
modest  doses  were  given  to  those  cases  with  "desperate"  metastatic  organ  in- 
volvement. Some  aspects  of  this  five-year  experience  with  combination  cyto- 
toxic chemotherapy  have  been  presented  elsewhere  (9-11 1. 

CLINICAL  MATERIAL 

All  patients  with  advanced  breast  carcinoma  were  accepted  for  combination 
chemotherapy  unless  there  had  been  a  prior  history  of  major  gastrointestinal 
bleeding.  In  the  first  40  patients  treated  from  1959-1961  (Groujj  I),  simultane- 
ous courses  of  oral  JNIethotrexate  (MTX)  and  intramuscular  priming  and 
maintenance  thio-TEPA  (TP)  were  employed  as  illustrated  in  Chart  I.  Andro- 
gen therapy  was  continued  in  37  of  these  40  Group  I  patients  despite  the  fact 
that  they  were  suffering  from  testosterone  recurrent  or  resistant  disease.  Aque- 
ous crystalline  testosterone  was  continued  at  doses  of  50-150  mg  per  week  to 
a  masculinizing  level  for  hemato-stimulation.  Three  patients  received  no  tes- 
tosterone during  the  first  three  months  on  combined  chemotherapy.  In  Group 
I,  37  of  the  40  patients  had  multifocal  late  metastatic  disease  recurrent  after 
radiotherapy,  oophorectomy  and  testosterone;  three  had  also  failed  to  respond 
to  estrogens;  one  was  post-adrenalectomy.  Two  of  the  only  three  jiatients 
without  previous  hormonal  or  alilative  theraiiy  were  "fresh"  cases  of  advanced 
inflammatory  carcinoma. 

Since  the  combination  of  TP  +  ]MTX  was  found  to  be  relatively  safe,  an 
additional  group  of  73  patients  (Group  III  were  treated  (1962-19651  without 
necessarily  waiting  to  determine  whether  metastases  would  have  been  hormo- 
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iially  i'('s|)()iisi\-('  to  tcstostd'oiU',  Fort}'-!  lii'cc  in  this  iii-ou|i  IkkI  no  |ii'cvious 
cndocriiu'  or  ablative  measures;  eighteen  had  had  picvious  sui'gical  cast l  ation ; 
fnc,  x-ray  castration;  thi'cc  wci-e  i)ost-a(h'enalcctoniy.  Testosterone  was  initi- 
ated with  the  TP  +  .M'lW  in  sixty-tlu'ee  and  continnetl  in  ten.  always  to 
masculinization.  The  priming  dose  of  testosterone  was  initiated  at  a  dose  of 
;i()()-4()()  mg  per  week  foi'  thi-eo  weeks  to  niascidinization  then  maintained  with 
masculinization  throughout  the  couise  of  chemotherapy  at  a  doso  of  50-150 
mg  i)er  week.  B-12  was  given  once  per  week  1200  meg  I.M.)  to  mod(>rate  the 
dei)i-essive  effect  of  antimetabolite  therapy  (AITX  and ''or  FU  )  on  erythrocyte 
pi'oduct ion.  \\'lien  metastatic  disease  had  become  demonstrably  reeurreiit  on 

SCHEME 


COMBINATION  CHEMOTHERAPY 
ADVANCED  BREAST  CARCINOMA 


WEEKS 


Schedule 


PRIMING 
DOSAGE 


THIO-TEPA 
I5MGM  IM 

METHOTREXATE 
7.5-  10  MGM  PO 

5-FLUOROURACIL 


1   1  1 

1  i  i  I  i 


5  DAYS 


I 

1111 

1  i  etc. 


12  20-140 


1 


1 

lilt 


TO  LEUKO- 
PENIA 
3500- 
5000 


IF  DISEASE  RECURRED 
ON  PREVIOUS  THIO-TEPA 


500MGM,[  V 
BY  SYRINGE  FOR 
B    {         HEPATIC  METASTASES 

CYTOXAN 

I50-200MGM  Q  D  PO 

AQ  CRYST  TESTO 

I00-I50MGM   3xWK  TO  MASCULINIZATION  THEN 
REDUCE  TO  50  MGM  /WK 

PREDNISONE 

I0-20MGM  QD  PO    FOR  1st  WK  .THEN  REDUCE  GRADUALLY  ■ 

FOR  HEPATIC, CNS,  8  SEVERE  OSSEOUS  METASTASES 

Chart  I 

Schematic  repre.sentation  of  dosage  schedules  employed  ckiring  combination  chemo- 
therapy ;  Schedule  B  was  employed  when  metastatic  di.sease  was  either  resistant  to  or 
recurrent  on  Schedule  A. 

or  was  resistant  to  the  combination  of  TP  +  AITX,  a  trial  of  Cytoxan  (CYT) 
and/or  5-Fluorouracil  (FU)  was  undertaken.  Although  the  initial  combination 
of  TP  +  MTX  w-as  alw^ays  started  simultaneously,  the  CYT  and  FU  were 
often  begun  a  few  days  apart.  Nine  patients  presenting  wdth  metastatic 
hepatomegaly  were  treated  with  an  initial  triple  drug  combination  consisting 
of  5-Fluorouracil  (FU)  plus  MTX  either  TP  or  Cytoxan  (CYT),  accompanied 
by  steriods  and  androgens.  Thus,  the  73  Group  II  cases  comprised  a  series  con- 
sisting of  initial  simultaneous  double  or  triple  cytotoxic  agents,  accompanied 
by  androgens  and  steroids  followed  1-26  months  later  by  sequential  or  simul- 
taneous FU  and  Cytoxan.  All  advanced  metastatic  disease  presenting  for 
chemotherapy  were  treated  with  this  combination  multiiile  cytotoxic  appi-oach 
since  1962  (Chart  I), 
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The  (listril)Ul ion  ami  |)rn|)()iii()n  of  cases  i)rcscntiii.i;  with  CNS  metastases, 
niajoi-  hepatic  metastases,  oi-  dili'use  osseous  metastases  was  ai)proximately  the 
same  in  hoth  ( ii'ou|)  I  and  ( Irou])  II.  Median  age  in  l)oth  gi'oiips  was  52  years. 

DRUG  DOS.\(iK 

'rhio-'ri']P.\  was  '^nru  in  an  initial  60  mg  primini;  dose  over  a  4-day  i)eriod 
iChart  I  I,  15  mfj;  intramuscularly  daily.  This  was  followed  three  weeks  later  by 
15  iHfi  maintenance  doses  of  thio-TEPA  at  whatevei'  intervals  were  necessary  to 
maintain  a  minimal  but  definite  leukopenia.  Usually  in  the  first  three  months 
of  thio-TP]PA  maintenance  therai)y,  15  mjj;  eveiy  seven  to  ten  days  was  needed 
to  maintain  a  mild  persistent  leukoi)enia;  later  15  mg  every  14  to  21  days  was- 
sufficient  to  maiiUain  the  leukopenia.  Afethotrexate  was  given  in  intermittent 
oial  courses,  each  until  the  first  sign  of  antifol  .stomatitis  appeared.  The  second 
course  of  ISfethotrexate  was  usually  given  three  to  four  weeks  after  the  first. 
Dosage  varied  from  5-10  mg,  ([.d.  for  from  4-9  days.  Dosage  varied  consider- 
ably from  patient  to  patient  as  detailed  jireviously  (91.  Combination  chemo- 
therapy with  at  lea.st  two  counses  of  Methotrexate  plus  thio-TEPA  were  com- 
pleted in  3(>  of  40  firouj)  I  patients,  and  in  62  of  73  (Iroup  11  i)atients. 

Cytoxan  was  administered  preferably  by  mouth  at  doses  of  150-200  mg  daily 
for  twenty  days  per  month.  If  the  oral  route  induceil  nausea  or  vomiting  un- 
controllable by  Tigan  or  Compazine  the  Cytoxan  was  administeicd  intra- 
venously at  doses  of  300-500  mg  daily  to  a  total  priming  dose  of  2-3  (Im.  The 
appearance  of  alopecia  and  leukopenia  indicated  an  ade(|uate  dosage.  Under 
favorable  circumstances  Cytoxan  was  administered  for  many  months  orally  in 
20-day  cycles  each  month  as  long  as  platelets  and  hemoglobin  were  reasonably 
well-maintained.  Leukopenia  was  not  a  contraindication  to  Cytoxan  unless  at 
levels  less  than  2000  AM3C  per  cu  mm.  High  fluid  intake  was  encouraged  to 
avoid  Cytoxan-induced  hemorrhagic  cystitis.  Whenever  Cytoxan  and  Fluoro- 
uracil  were  given  intravenously  on  the  same  day  a  single  needle  was  employed 
with  separate  syringes. 

The  initial  priming  dosage  ("antipyrimidine  titration")  of  5-Fluorouracil 
was  administered  by  simple  syringe  technique  intravenously  in  500  mg  doses 
daily  for  four  or  five  days.  The  crucial  fifth  dose  was  withheld  in  the  poorest 
risk  patients.  After  an  invariable  three-day  pause  a  maintenance  schedule  of 
three  doses  per  week  diu'ing  the  second  and  third  weeks  was  usually  given. 
Stomatitis,  diarrhea  or  leukopenia  were  deemed  signs  of  adequate  dosage  in  the 
second  oi'  third  weeks  of  FU  therapy  and  necessitated  reduction  or  temporary 
omission  of  doses.  Later  maintenance  doses  of  500-700  mg  of  FU  every  4—7 
days  to  the  limit  of  mild  leukopenia  were  given  until  metastases  had  failed  to 
respond  or  recurred. When  Cytoxan  and  5-FU  were  given  concomitantly  there 
was  relatively  little  reduction  in  dosage  unless  definite  hematodeiiression  pre- 
ceded the  start  of  the  CYT-FU  combination.  When  ]\rrX  was  administered 
with  FU,  the  appearance  of  any  stomatitis  signalled  prompt  stoppage  of  MTX, 
but  5-FU  was  usually  resumed  on  a  maintenance  icgimen  four  to  five  days 
after  G.I.  toxicity  subsided. 
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The  u.-c  of  these  (li'iijj,  coinliiiiiit  inns  is  syno]  )t  icall  y  shown  in  ('hail  I.  The 
dosage  and  timing  of  C'onibination  A  was  (•ni|)h)yed  initially  in  all  40  (Iroup  1 
eases  and  64  of  the  Group  II  cases.  Combination  B  was  not  used  initially  in  any 
case  in  this  study,  but  was  reserved  for  failure  on  Combination  A.  Triple  com- 
binations with  r^-FV  were  emplo^'ed  in  nine  hepatic  metastases  cases  in  (lioup 
II. 


TABLE  r 

('onibuKilion  Chctiiotheiapy  Toxicity  and  ('o)iiplicaltons 


Stomatitis.  , 
Leukopenia. 
Anorexia .  . . 
Nau.soa  


Epigastric  pain 

Vomiting  

Fever  


Thromhopenia  

Alopecia    

Diarrhea  

Rash  

G.I.  bleeding  

Purpura  

Nasal  lileeding  

Induced  hypoplastic  marrow  

Acute  fatal  shock  with  pancytopenia  (post- 

adrenalectom3-)  

Cystitis   

Erysipelas  

Herpes  Zoster  

Acute  Pyogenic  Skin  Infection  


Group  II  (TP  +  MTX 
CYT  a/oFU) 


14  (Cytoxan) 

11 

13 

10 


Total  Patients. 


1  )rug  Deaths . 


73  (52  with  CYT, 
1!)  witli  FU) 

2 


TOXICITY 

The  toxic  manifestations  in  113  i)aticnts  initially  given  thio-TEPA  and 
Methotrexate  are  sununarized  in  Table  I.  Only  six  cases  developed  life-impair- 
ing toxicity,  resulting  in  four  drug-induced  fatalities.  In  the  first  instance,  an 
adrenalectomized  patient  in  terminal  condition  with  innumerable  sui^erficial 
and  deep  organ  metastases  went  into  fatal  shock  four  days  after  TP  +  MTX 
had  been  started.  Sudden  pancytopenia  accompanied  this  abrupt  demise  which 
might  have  been  defeiTcd  with  a  smaller  dose  of  antifol  buttressed  by  larger 
doses  of  steroids.  Three  patients  died  12-13  days  after  the  onset  of  TP  +  J\ITX. 
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In  one,  an  adrciiaU'ctoniy  and  oopliorcctoniy  were  pci'tonncd  (a>j;ainst  nu'dical 
c)i)ini()nl  at  the  hcii^ht  of  the  antitol-thioTEPA  action  in  a  jjaticnt  witli  massive 
vena  ouval  ob.struetion  and  extensive  chest  wall  involvement.  She  died  six 
days  post-oporatively  with  severe  agranulocytosis  and  generalized  bleeding. 
In  another  patient,  a  fatal  pancytopenia  was  indticed  due  to  diffuse  l)one 
metastases,  recent  widespread  radiation  and  prolonged  protein  (lei)letion  as- 
sociated with  mental  depression  and  cachexia.  In  this  case  the  dose  of  TP  and 
j\lTX  was  deemed  in  retrospect  to  have  been  too  high  in  view  of  the  several 
severe  "i)oor  risk"  factors.  A  fourth  i)atient  with  poor  renal  function  secondary 


STOMATITIS 
G  I  TOXICITY 


0      1      2     3     4     5     6     7     8     9     10    I  I     12    13  14 
TIME  IN  DAYS 

ENZYME  "A"  =  FOLIC  REDUCTASE,  IRREVERSIBLY  INHIBITED 
ENZYME  "B"  =  THYMIDYLIC  SYNTHETASE,  REVERSIBLY  INHIBITED 

Cliart  II 

The  time-dose  relation.ship  of  Methotrexate  therapeutic  effect  vs.  its  rapid  anti-enzynie 
action  is  shown  schematically  when  antifol  is  given  to  patients  in  daily  oral  doses.  The 
inhibitory  antifol  action  is  exerted  on  two  sets  of  related  enzymes,  generically  designated 
as  "foUc  reductases"  and  "thymidyUc  synthetases".  The  maximum  therapeutic  and  toxic 
effects  become  manifest  three  to  four  days  after  stopping  the  drug.  Recovery  in  these 
enzymes  u.sually  occurs  about  one  week  after  the  patient  has  received  any  dose  or  series  of 
doses  of  antifol. 

to  hypercalcemia  from  diffuse  bony  metastases,  died  with  severe  unexpected 
pancytopenia,  due  probably  to  delayed  renal  excretion  of  MTX. 

The  relative  safety  of  the  TP  and  MTX  appeared  to  be  the  result  of  scaling 
down  of  MTX  dosage  in  accordance  with  the  clinical  features  in  each  individual 
case.  No  arbitrary  predetermined  protocol  of  MTX  dosage  was  employed.  By 
adhering  to  the  concept  of  a  weekly  aggregate  dosage  given  in  daily  oral  doses 
(Chart  II)  it  w-as  possible  to  gradually  approach  the  toxic-therapeutic  antifol 
"titration"  level  without  inducing  fatal  toxicity  except  in  unusual  instances. 
Chart  III  illustrates  the  wide  range  of  aggregate  dosage  required  to  induce  the 
antifol  effect.  Poor  risk  patients  became  toxic  after  3  days  on  as  little  as  5-7.5 
mg  per  day.  The  varial)le  MTX  dosage  necessary  to  induce  the  antifol  state 
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rcftcctt'd  (lilTcrin^  (•ii(l()<icii()iis  folic  ncid  rcsci'X-cs.  Clinical  factor.-  rcduciiijj;  the 
folic  acid  i-csci-vcs  arc  shown  in  Table  III.  Three  or  more  coui'.ses  of  Metlu)- 
troxate  were  given  to  46  <>;()()d  I'isk  patients,  or  40''/  of  the  total  of  113  treated. 

Cytoxan  cystitis  occurred  in  14  patients  of  a  total  of  52  receiving  the  drug. 
This  necessitated  the  withdi-awal  of  drug  in  t'ach  patient  so  affected.  The 
toxicity  of  sequential  or  conihined  FU  and  CYT  was  dithcult  to  sei)arate  fi'oni 
the  effects  of  preterminal  metastatic  dissemination  in  many  Group  II  patients. 
Myelophthisic  and  hyijoplastic  marrows  occurred  terminally  in  19  cases,  in 
part  at  least  due  to  the  cumulative  effects  of  combined  sef|uential  chemotherapy. 


UJ 


<  0      2      4      6      8      10     12  14 

TOTAL    PERIOD    DURING  WHICH 
AGGREGATE    METHOTREXATE   DOSE  IS  GIVEN  IN 
DIVIDED  DOSES  DAILY 
Chart  III  . 

The  wide  variation  in  tolerance  to  Methotrexate  is  schematically  illustrated  by  tliis 
dosage  template.  Poor  risk  patients  became  toxic  on  15-20  mg  per  week  compared  to  good 
risk  patients  who  required  50-80  mg.  The  antifol  "titration"'  could  be  most  gradually  and 
safely  approached  by  dosage  given  over  a  5-7  day  period. 

Erysipelas,  herpes  zoster  and  staphylococcal  skin  infections  occurred  in  more 
than  one-fifth  of  the  patients  receiving  combination  chemotherapy  (Table  1). 

RESULTS 

Regression  Response  Rates 

Regression  and  remission  of  advanced  l^reast  carcinoma  (Table  II)  were 
observed  after  TP  and  ]\1TX  combination  therajn'  in  25  or  60%  of  a  total  of 
the  40  Group  I  cases  treated  from  1959-1961  and  in  59  of  73  or  81%  of  those 
Group  II  cases  initially  treated  from  1962-1965  with  TP  and  MTX.  These 
results  in  Group  II  include  seven  inflammatory  carcinomas  and  nine  hepatic 
metastases  cases  (Fig.  Ij  given  triple  therapy  with  5-FU.  Steroids  and  tes- 
tosterone were  employed  in  both  groups  as  mentioned  above.  If  the  8  "fresh" 
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cases  of  iudaniiiiatory  carcinoiiui  are  exfludc'd  Iroin  tliis  tally,  as  well  as  the 
4  induced  deaths,  and  the  9  cases  initially  given  5-FU  trii^le  therapy,  then  the 
observed  regression  in  advanced  disseminated  metastases  from  TP  and  MTX 
alone  was  23/37  or  62%  in  Group  I  compared  to  43/55  or  79%  in  Group  II. 
The  higher  proportion  of  responses  since  1962  could  reflect  the  fresh  effect  of 
testosterone  which  had  not  previously  been  given  to  two-thirds  of  the  Group 
II  jmtients,  whereas  only  three  Group  I  ])atients  had  not  received  pi  ior  testos- 
terone. Since  the  62-79%  response  rate  includes  a  number  of  incompletely 
treated  cases  classified  as  failures,  the  results  suggested  that  four  out  of  five 
cases  of  advanced  breast  carcinoma  have  the  potential  to  respond  to  thio-TEPA 
and  Methotrexate  in  (•()inl)ination  when  supi)oi'te(l  with  androgens  and  steroids.. 

TAIU.I-;  II 


Initial  Combination  Vhemotherupn 
Objective  Regression  in  Major  Organ  Sites  of  Metastases 


TP  +  MTX 

TP  +  MTX  +  TESTO  -> 
CYT  a/o  FU 

40  Pts. 
(1959-1961) 

73  Pts. 
(1962-1965) 

Skin  and  subcut.  tissues  

Lung  and  pleura  

CNS  

13/18 

8/15 

5/8 

3/9 

1/8 

5/10 

1/2 

2/2 

14/19 

15/2() 
8/11 

13/19  (CYT) 
7/9*  (FU) 
2/5 

:V4 

(i/7 

Osseous  

Hepatic  

Abdominal  and  generalized  

Intraocular  

"Inflammatory'.'  breast  

Total  pts.  response  

25/40 

59/73 

*  5-FU  added  in  9  hepatic  pts,  CYT  instead  of  TP  in  2  hepatic  pts. 

Note:  All  CNS,  hepatic,  diffuse  osseous  and  abdominal  cases  given  Prednisone.  No  re- 
sponders  showed  accelerated  recalcification  of  (xsteolytic  metastases.  Radiotherapy  to 
brain  given  for  7  of  19  CNS  cases  after  first  antifol  efi'ect. 


Chafdcfcr  of  Thio-TEPA-Methotrexate  Begression 

The  consjiicuous  feature  of  the  TP  +  MTX  effect  was  the  rapid  develop- 
ment of  regression  signs,  often  as  early  as  5-10  days  after  onset  of  chemo- 
therapy. This  was  j^ai'ticularly  evident  in  skin  and  subcutaneous  metastases, 
pulmonaiy  nodulai'  inhl.iation  and  CNS  signs.  In  some  cases  of  severe  CNS 
disability,  (papilledema,  paresis,  apha.sias,  etc.)  improvement  was  first  mani- 
fest within  48  hours  after  onset  of  chemotherapy.  The  recently  developed  CNS 
signs  usually  responded  more  rapidly  than  the  older  deficits.  Responsive  skin 
and  soft  tissue  lesions  softened,  darkened  and  shrunk  as  the  antifol  effect  ap- 
pi'oached  its  height.  Bone  pain  and  i)leural  effusion  also  showed  the  first  indi- 
cations of  response  coincidental  with  the  first  bout  of  antifol  toxicity. 

Metastatic  disease  which  had  shown  no  response  whatsoever  by  the  third 


CHEMOTIIKHAI'1'   IN  Al)VAN('Kl)  DISSKMINATKI)  HUEAST  CAKCINOMA 


Week  after  stai1in<^  the  coinhiiial ion  usually  ^IiowcmI  iio  i-('S|)()Msc  when  llu^ 
second  course  of  iMTX  was  ffiveii  wliile  on  maintenance  t iiio-TEPA .  In  I  his 
study  a  patient  was  not  dcenietl  to  l)y  TP-MTX  resistant  unless  oi'  until  she 
had  failed  to  respond  to  two  courses  of  MTX.  'I'he  I'esults  indicate  retrospec- 
tively that  when  no  synii)toniatic  or  ol)jective  response  was  observed  after  one 
full  course  of  MTX  to  inIhIukiI  definite  toxieitij.  a  sip;nificant  regression  should 
not  have  l)een  expected  after  a  second  course  of  MTX.  How'ever,  numerous 

METASTATIC  HEPATOMEGALY  RESPONSE  TO 
5-  FLUOROURACIL -COMBINATION  THERAPY 


TP  +  MTX 
2  mot. 


DURATION 
REMISSION 


12+ mos. 


5  mos. 


4  mos. 


10  + mos. 


72yrs, 

Note  ■  These  hepatomegaly  cases  given  Testosterone  a  Prednisone 

Fig.  1.  Metastatic  hepatomegaly  regression  after  triple  5-fluorouracil  combination  chemo- 
therapy in  four  succes.sive  cases.  The  Methotrexate-alkylating  agent  combination  alone  had 
been  insufficient  to  consistently  inhibit  hepatic  metastases  prior  to  use  of  5-fluorouracil. 

cases  which  had  shown  partial  regressions  during  the  first  bout  of  antifol 
therapy  often  showed  further  regression  after  the  second  or  third  course  of  MTX. 

Regression  in  Organ  Metastatic  Sites 

Table  III  summarizes  the  regressions  o))served  in  major  sites  of  metastatic 
involvement  in  the  40  Group  I  i:)atients  given  TP  plus  ]\1TX  and  in  the  73 
Group  II  patients  treated  with  the  multiple  regimen.  An  equally  high  incidence 
of  responses  was  observed  in  skin  and  soft  tissue  metastases  in  both  groups 
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I  13  18:  14  191.  Most  of  tlu'sc  regressions  coincided  with  the  appearance  of 
]\h'tliotrexate  antifol  stomatitis.  The  longest  sustained  regression  of  diffuse 
subcutaneous  metastases  persisted  for  10  months  with  fom'  co\u'ses  of  MTX 
Ix'fore  rehii)se.  The  other  resjtonders  dcA-eloix-d  resistant  recurrence  in  4-8 
montlis  desjiite  intensive  AITX  and  TP.  Lung  and  pleural  metastases  (Figs. 
2,  3)  showed  the  same  order  of  responsiveness  as  cutaneous  and  CNS  metas- 
tases, i.e.,  8  15  in  (!roup  I  and  12/20  in  Group  II. 

The  proportion  of  TP  +  MTX  responses  in  CNS  metastatic  disease  was  the 
same  (5  8;  8/11)  as  in  skin  and  subcutaneous  metastases.  Neurologic  signs, 
including  papilledema,  ocular  jmlsies,  brain  stem  lesions,  ajjhasias  and  para- 
plegias, responded  with  ra]iid  dramatic  objective  improvement  at  the  height 
of  the  antifol  stomatitis  jihase.  In  general  the  more  recent  the  on,set  of  CNS 
signs,  the  more  rajjid  was  the  regression  of  neurological  deficits.  All  CNS  cases 

TABLE  III 

"Poor  Risk"  Category  for  Combination  Chemotherapy 

Extensive  .x-ray  therapy  to  bones 
Diffuse  osseous  metastases 
Impaired  renal  function 
Mai'ked  anemia,  hypoproteinemia 
Protracted  vomiting,  diarrhea 
Severe  cachexia 
Prolonged  therapy: 

I.V.  fluids 

Antibiotics 

Steroids 

Diuretics 
Male  risk  >  female  risk 
Old  age  over  65 


which  responded  had  extra-cranial  metastatic  disease  wdiich  regressed  simul- 
taneously (Fig.  3)  as  the  CNS  signs  subsided.  Regressions  were  of  shorter 
duration  in  those  treated  with  chemotherapy  alone  (Table  IV)  than  in  those 
treated  with  chemothera]iy  followed  by  adjuvant  cobalt  therapy.  Six  of  seven 
patients  given  non-localized  cobalt  radiation  broadside  to  the  brain  through 
large  lateral  portals,  remained  in  remission  more  than  6  months  and  survived 
more  than  1  year,  compared  to  only  3/11  similar  responses  to  chemotherapy 
alone  (Table  IV).  Nine  of  nineteen  patients  with  CNS  metastases  survived 
more  than  one  year  on  this  therapy.  Radiotherapy  was  usually  commenced  a 
few  days  after  the  first  course  of  MTX  had  been  completed,  and  completed 
shortly  after  the  second  course  of  MTX. 

Cliorio-retinal  metastases  in  six  patients  were  treated  witli  TP  -f-  MTX. 
Foiu"  of  these  six  showed  regres.sion  and  control  of  the  chorio-retinal  lesions  for 
the  duration  of  their  surA^i^'al.  Two  were  later  given  Cytoxan  and  one  was  given 
CYT  and  FU  for  extraocular  reciu'rence. 
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'Plir  poor  response  in  testosterone-resistant  osseous  metastases  was  e\-i(lent 
by  the  observation  that  only  3  responses  could  be  obtaine(l  among  9  (Iroup  I 
patients  treated  with  TP  t^-  MTX.  However,  when  andi()}j;ens  and  stei'oids  were 
initiated  with  the  TP  iV-  MTX  in  "tVesh"  eases  of  diffuse  l)one  disease  a  hitrlier 
incidence  (10/14)  of  response  was  obtained.  ()b.iecti\-e  ci'iteria  for  i-e<^ression 
in  bony  metastases  were  difficult  to  assess  (luantitatively  since  neither  sei'ies 
showed  any  evidence  of  accelerated  I'ecalcification  of  osteolytic  metastases  de- 
spite objective  hematolo.gic,  functional  and  symjitoinatic  signs  of  response. 

Secoiiddni  ( 'he inotherapij  Roipoimes 

Since  1962,  6  of  19  i)atients  with  diffuse  osseous  metastases  who  had 
shown  only  partial  short-term  responses  to  the  TP  -t-  MTX  regimen  have 
responded  with  i-emissions  of  more  than  six  months  (Case  4)  duration  when 
Cytoxan  rei)laced  TP  as  the  maintenance  alkylating  agent.  This  represented 
almost  one-thii'd  of  those  presenting  with  diffuse  osseous  metastases.  Among  a 
larger  group  of  31  patients  with  skin,  soft  tissue  and  pulmonary  metastases, 
Cytoxan  induced  regression  in  only  fi^'e  patients  aftei-  failure  or  recurrence  on 
TP  +  MTX. 

Eighteen  cases  exclusi-\'e  of  those  with  metastatic  hepatomegaly,  were  gi-\-en 
Cytoxan  plus  5-FU  after  failure  of  TP  -f-  MTX.  Five  of  eighteen  showed 
secondary  resjjonses  to  this  combination,  but  none  remained  in  remission  more 
than  four  months.  5-FU  was  not  employed  alone  in  any  patient  during  this 
study. 

Triple  Cytotoxic  The  rapt/ 

The  usual  poor  prognosis  of  massive  metastatic  hepatomegaly  was  show'n 
in  the  failure  of  seven  of  eight  Group  I  i)atients  to  respond  to  TP,  MTX  and 
Prednisone.  Because  of  these  failures,  5-FU  was  added  to  the  combination 
chemotherapy  in  9  Group  II  cases  of  hepatic  metastases,  since  1962.  All  nine 
of  these  patients  showed  regression  of  liver  metastases,  seven  developed  an 
associated  clinical  remission,  and  four  showed  sustained  remissions  of  more 
than  4  months  duration  (Fig.  1  j ,  2  for  more  than  one  year.  Some  patients 
showed  subsidence  of  jaundice  and  ascites.  The  detailed  use  of  FU  for  meta- 
static hepatomegaly  in  these  patients  is  discussed  elsewhere  (10-12). 

Infldiiiinatory  Carcinoma 

Ten  cases  of  so-called  inflammatory  carcinoma  were  treated  with  thio-TEPA 
and  Methotrexate  (Table  V).  Nine  of  ten  showed  marked  and  in  some  rapid 
regression  of  massive  lesions  involving  the  entire  breast  and  axilla  (Fig.  4). 
The  tenth  patient  died  a  toxic  death  postoperatively  (v.s.).  Each  case  was 
treated  with  repeated  courses  of  Methotrexate  while  on  thio-TEPA  mainte- 
nance. Seven  already  have  survived  in  remission  more  than  one  year  and  four 
of  these  are  in  remission  more  than  2  years  after  onset  of  chemotherapy. 

The  combination  chemothei'apy  apjieared  to  suppress  visceral  or  osseous 
dissemination,  since  such  extensne  regional  neoi)lasms  would  have  been  ex- 
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Fig  2  Serial  chest  roentgenograms  showing  rapid  regression  of  multiple  pulmonary  metas- 
tases after  priming  and  maintenance  thio-TEPA  simultaneous  with  2  courses  of  Methotrexate 
therapy  (see  case  summary  #1  for  details). 
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I)cct('(l  to  show  gross  metastatic  si)roa(l  within  4  to  (i  months  without  chcmo- 
thci-apy.  In  one  case,  a  single  initial  pulmonary  metastasis  which  promptly 
(lisa|)peaic(l  coincident  with  ]-egression  of  the  primary  lesion  after  chemother- 
apy, recnri'ed  with  bilateral  iiulmonaiy  dissemination  20  months  later.  These 
fresh  metastases  wei'e  TP-MTX  resistant,  hut  responded  jiai'tially  to  secondary 
chemotherapy  with  Cytoxan  (Case  5).  There  was  no  indication  that  the  re- 
peateil  administration  of  the  antimetabolite-alkylating  agent  combination  sup- 
ported with  maintenance  testosterone  lowei-ed  the  systemic  resistance  of  pa- 
tients to  the  I'egional  "inflammatory"  neoplasm. 


Fk;.  3.  Serial  c-hcst  x-rays  .showing  regression  of  pleural  effusion  and  jiulmonary  infiltration 
at  left  lung  ba.«e,  within  one  month  after  TP-MTX  chemotherapy.  (See  ea.se  ?^i^2  for  details.) 

DrRATION  OF  REMISSION  AND  SURVIVAL 

The  relatively  short  duration  of  combination  chemotherajiy  responses  was 
indicated  by  a  median  regression  of  6.6  months  in  Group  I  and  slightly  over  7 
months  in  Group  II.  Half  of  the  responders  showed  active  recurrence  of  meta- 
static growth  resistant  to  TP  and  MTX  within  2  to  6  months  after  the  onset 
of  treatment.  After  exclusion  of  the  ca.ses  of  inflammatory  carcinoma,  27%  of 
all  Group  I  and  39%  of  Group  II  remained  in  remission  for  more  than  6  months. 
From  15-20%  remained  in  remission  for  one  year  (excluding  the  nine  cases  of 
inflammatory  carcinoma).  The  tw^o  year  survival  was  less  than  10%  in  Grou]) 
I  anrl  will  probably  not  exceed  15%  in  the  Group  II  cases  (see  summary 
Table  VI). 
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KKLATIOX   OF  AGE  OR  PHEVIUfS  TIIK.KAl'V 

Ursponiseti  to  TP  +  MTX  therapy  occurred  without  rchition  to  the  age  oi- 
l)revious  surgical  therapy,  i)ost-op  rachotherapj'  or  radiation  for  recurrent 
disease.  Numerous  recurrences  within  [ireviously  radiated  portals  showed  re- 
gression after  TP  +  MTX  therapy.  Previous  castration  therapy,  or  ovarian 
radiation  thei-a]iy  appeared  to  i-educe  the  likelihood  of  resjwnse  by  15-20%. 
Howcwi'.  I'l'sults  were  espi'cially  influenced  in  cases  of  diffuse  osseous  metas- 
tases resistant  to  testosterone.  f>uch  ])atients  showed  a  relatively  small  number 
of  TP  +  MTX  chemotherai)y  responses  comj^ared  to  "fresh"  bone  cases  not 


TABLE  IV 

('o)nhinal ion  Cheinutlicrapy  Results — Intracerclndl  Mt  tustases 


Duration 

Patient 

Age 

R.T. 

Response  (mos.) 

Survival  (mos.) 

A.B. 

30 

0 

3 

6 

C.H. 

56 

0 

11  + 

11  + 

B.Z. 

33 

0 

2 

4 

Z.R. 

59 

0 

7 

12+ 

F.G. 

47 

0 

0 

6 

J.F. 

50 

0 

2 

8 

P.E. 

53 

0 

3 

5 

S.S. 

49 

0 

0 

1 

N.S. 

48 

0 

9 

15+ 

E.W. 

50 

0 

0 

2 

R.F. 

G() 

0 

0 

3 

P.P. 

39 

0 

0 

2 

H.S. 

48 

+ 

8 

13 

T.B. 

34 

+ 

6 

13 

E.M. 

50 

+ 

15 

33 

P.W. 

58 

+ 

14 

45 

E.L. 

51 

+ 

8 

12 

D.L. 

49 

+ 

5 

8 

A.D. 

44 

+ 

11 

17 

Median  Age:  48.5  yrs. 


previously  ti'eated  with  testosterone.  Since  reviewing  ovu-  results  a  prompt 
resort  to  Cytoxan  therapy  has  been  advocated  in  androgen-resistant  bone 
metastases. 

REPRESENTATIVE  CASES 

Case  1 

Rapid  Regression  of  Primary  Lesion  aiul  Pulinouary  Metastases  After  Thio- 
TEPA  and  Methotrexate  Alone 

R.  L.  (MSH  :^  152379),  aged  seventy-four  years,  refused  mastectomy  for  a 
slowly  enlarging  mass  in  the  right  breast  of  one  and  one-half  years'  duration. 


niFMOTIIKKAr'l'    l\   ADV.WCF.I)  DISSKM 1  \AIK1)   HHF.AST  ('AIUMNOMA 
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Needle  l)ioi)!^y  of  the  inass,  7  x  10  cm,  revealed  ;i(lcii(ic;ii-ciii()iii;i.  ( 'hest  x-ray 
.showed  lar^e  hilatcial  i)uliuonary  metastases  (Fip;.  2i.  ( )ial  MeUioti'exate,  7.5 
iiif^-  \)vv  (lay  foi-  nine  days  was  given  to  the  point  of  minimal  stomatitis,  together 
with  ()()  mg  of  intramuscular  t  liio-TKPA.  As  soon  as  the  antifol  .stomatitis 
appeare(l,  the  j)atient  noted  marked  reduction  in  the  l)reast  mass.  Maintenance 
thio-TJ<]PA  was  begun  four  w(>eks  after  these  priming  doses.  A  second  course^ 
of  Methotrexate  was  gi^•en  fi\-e  weeks  after  the  first  course.  X-rays  taken 
revealed  marked  reduction  in  the  pulmonary  metastases  six  weeks  and  (>ight 
weeks  after  initiating  this  combination  therapy  i  Fi^.  2).  The  |)rimary  lesion 
in  the  breast  was  no  longer  pali)able  at  this  time.  Fhe  |)atient  was  maintaiuecl 
on  thio-TEPA,  1.5  mg  intranuiscularly,  every  two  oi'  tlu'ee  weeks  for  ivu 


TABLE  V 

Resultx — ' 'Inflammatory"  Carcinoma 


Patient 

Age 

Onset 
Chemotherapy* 

No.  MTX 
Courses 

Cobalt 

Mastectomy 

L.S. 

55 

(i/()2 

8 

Sep-6.3 

Nov-63 

.J.M. 

47 

ll/()2 

(i 

Jan-63 

Feb-()3 

.\.J. 

45 

10/fi:-! 

.'5 

Jan-()4 

Dec -63 

R.S. 

48 

m/{>-4 

5 

Oct -63 
(iv;i  rics 

E.B. 

8.3 

1/(14 

2 

C.S. 

55 

l/(i4 

2 

.Jan -64 

Feh-m  left 
Feb-64  right 

C.H. 

56 

5/()4 

May-63 

M.G. 

72 

ll/(i4 

2 

E.S. 

78 

12/04 

4 

A.E. 

51 

1/65 

1 

Po.st  adreiKilcct  oniy 
to.xic  death 

*  All  surviviiif;  June,  1965  except  cases  A.E.  and  E.B.  (Li)st  tn  t'iillii\v-u[)  after  nine 
months.) 


months,  with  exhibition  of  a  moderate  steady  leukopenia.  A  thirtl  and  fourth 
course  of  Methotrexate  was  gi\'en  six  and  eight  months  after  the  initial  com- 
bination therapy.  After  ten  months  of  this  combined  regimen,  anemia  and 
pm-i)ura  developed  in  association  with  dei)ression  of  white  blood  cells  to  2,800 
and  platelets  to  60,000/cu  mm.  Thio-TEPA  was  withdrawn,  testosterone  was 
initiated  and  a  single  transfusion  was  given.  Recovery  of  peripliei-al  l)lo()d  was 
rapid  within  three  weeks. 

Chest  x-ray  one  year  after  initiating  coml)ination  chemotherapy  showed 
virtually  no  evidence  (Fig.  2 1  of  the  large  pulmonary  metastases  previously 
seen.  The  breast  lesion,  which  had  regressed  comjiletely  and  remained  under 
control  for  a  year  after  starting  therapy,  now  began  to  show  j)rogressive  re- 
growth.  The  metastatic  lesions  showed  no  response  to  two  months  of  Cytoxan 
therai)y.  Massive  estrogen  thei-ajiy  was  then  institutetl,  but  after  three  months 
failed  to  prevent  the  de\'elopment  of  extensive  pulmonary  metastases.  She 
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was  tlicii  adiiiittiMl  with  (•ci'cWi'al  met astascs  in  a  tci'iiiinal  state.  'I'liio-'riOPA 
and  Alctlioti'exatc  now  g\\-ru  in  conibination  with  stei'oids  and  andro^i'ns,  rc- 
sidtcd  in  a  dramatic  transient  recovery  fi'oni  an  apijurently  nioi'ihund  state. 
She  died  witii  ])i'()iiressive  cerel)ral  and  jjuhnonary  metastases,  five  weeks  after 
this  last  I'our-fohl  trial  of  chemotliei'apy  and  hormone  thera])y. 

Case  2 

Siiinilliiiicoiis  Rapid  Jxiijri  ssidii  of  PiiliitDiiiini  (uid  CNS  ^^('f(lsl(lses 

P.  E.  (MSH  j^237426).  Radical  mastectomy  was  performed  on  this  52-year- 
old  female  two  years  lu-evious  to  onset  of  symptoms  of  intracranial  metastases 


TABLE  Vl 
li'c.s lilts — Combination  ('/leniotherapy 


TP  +  MTX 

Multiple  Regimen 

1959-1961 

1962-1965 

Objective  Regression 

None  

15 

13 

2-()  mos    

10 

30 

6-12  mos    

7 

21 

>1  vr  

8 

10 

Total  Pts  

40 

73 

Median  Regression  (mosj  

(i .  6 

7.0+ 

Survival 

>l  yr  

8 

25  (3)* 

>2  yrs  

4  (D* 

8  (3)* 

Total  Pts  

40 

73 

*  Inflammatory  carcinoma  in  parentheses. 


in  August,  1963.  Progressive  ataxia,  headache,  papilledema,  ai)hasia,  vomiting 
and  partial  paresis  developed  over  a  three  month  period  before  admission  to 
the  neurosurgical  service  at  Mount  Sinai  Hospital.  On  December  1,  1963,  she 
was  started  on  combination  oral  Methotrexate,  intramuscular  thio-TEPA, 
20  mg  daily  of  oral  prednisone  and  aqueous  crystalline  testosterone  ( Combina- 
tion A).  Within  48  hours  after  onset  of  chemotherai)y  there  was  a  prompt 
improvement  in  the  neurological  disabilities.  These  resolved  completely  after 
the  appearance  of  antifol  stomatitis  on  December  6.  On  December  12  she  was 
discharged  in  an  ambulatory  and  neurologically  normal  state,  for  maintenance 
thio-TEPA  and  further  ti'eatment  with  Methotrexate.  Complete  regression  of 
left  jnilmonary  and  i^leural  metastases  was  observed  four  weeks  after  onset  of 
chemotherapy.  A  second  coui-se  of  Methotrexate  was  given  on  12/28  and  a 
third  course  on  1/26/64,  while  the  thio-TEPA  maintenance  was  administered 
at  15  mg  every  seven  to  ten  days.  On  February  29,  the  patient  complained  of 
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soiui'  n'l'iii'iciu'c  of  CNS  syiuiilonis.  Antifol  stomatitis  was  inducctl  on  3  2,  hut 
neurologic  symptoms  did  not  subside,  though  chest  x-ruy  showed  no  recurrence. 
On  3/20  she  was  admitted  to  Blount  Sinai  Hospital  for  study.  A  brain  scan 
showed  "only  one  metastasis  in  the  right  frontal  lobe  confirmed  by  brachial 
angiogram."  After  develoiiment  of  papilledema  and  other  signs  of  increased 
intraci'anial  pressiu'e,  surgical  exploration  was  performed  but  multiple  metas- 
tases wcic  found  ])redominantly  in  the  I'ight  frontal  lobe  and  cerebellum.  She 
died  .\]tril  30,  1964.  three  weeks  after  exploi'ation. 

Case  3 

Regression  of  Massive  Inflaiti inatorij  Carcinoma  After  Repeated  TP  +  MTX 
Followed  Ih/  Cobalt  Therapy  and  Radical  Mastectomy 

A  55-year-old  si)inster  ajipeared  with  a  large,  fungating,  ulcerated  inflamma- 
tory carcinoma  of  the  right  breast,  of  several  years  duration  (Fig.  4).  This 
tmnor  mass  infiltrated  the  entire  right  breast  and  axillary  fold,  but  did  not 
involve  the  supraclavicular  fossa  grossly.  Surgical  biojisies  revealed  infiltrating 
scirrhous  carcinoma  (Dr.  S.  Otanil.  Surgical  consultant  deemed  the  lesion 
unresectable  in  its  presenting  form.  The  patient  showed  severe  cancerphobia, 
fear  of  surgery,  profound  mental  depression  and  guilt  over  this  neglected 
lesion.  Menopause  had  occurred  four  years  previously. 

A  course  of  combination  cliemotherapy  with  simultaneous  TP  and  MTX 
was  begun  on  June  19,  1962.  The  full  priming  dosage  of  60  mg  of  TP  was  given, 
followed  three  weeks  later  by  maintenance  TP,  15  mg  intramuscularly  every 
seven  to  fourteen  days  sufficient  to  maintain  a  mild  leukopenia.  The  first 
dosage  of  MTX  in  this  "good-risk"  i)atient  consisted  of  7.5  mg  of  MTX  orally 
for  four  days  followed  by  10  mg  for  the  subsequent  three  days,  given  simul- 
taneously with  the  initial  priming  doses  of  TP.  The  typical  antifol  stomatitis 
appeared  on  the  eighth  day  after  starting  the  oral  Methotrexate.  At  the  height 
of  this  initial  antifol  reaction,  when  the  white  count  was  3,200  cells  per  cu  mm, 
the  tumor  mass  began  to  shrink  visibly  in  size.  Three  successive  courses  of 
Methotrexate  were  given  on  July  17,  August  16  and  Scjitember  2nd.  The  shrink- 
age of  tumor  masses  was  progressive  and  accompanied  by  gradual  disaj^jiear- 
ance  of  the  large  fungating  pedunculated  tumor  appendage  without  occurrence 
of  any  slough  or  significant  bleeding  (Fig.  4).  The  ulcerating  lesions  epithelized, 
the  edema  subsided,  and  satellite  nodules  in  the  axilla  and  axillary  fold  dis- 
a])peared  after  the  second  course  of  Methotrexate. 

Slight  diffuse  alopecia  and  minimal  leukopenia  was  observed  throughout  the 
entire  four  months  to  TP  +  MTX  therapy.  The  lowest  hemoglobin  was  12  Gm 
and  the  least  white  count  was  3,200  without  any  accompanying  purpura  or 
throml)openia.  The  alopecia  subsided  completely  four  weeks  after  stopping  the 
fourth  course  of  MTX.  During  the  four  months  of  chemotherapy,  the  patient 
was  given  much  i)sychological  support,  resulting  in  her  consent  to  a  course  of 
cobalt  radiation  therajiy  in  October,  and  a  radical  mastectomy  on  December 
20,  1962.  Post-ol^erati^'c  healing  was  excellent.  She  returned  to  work  on  mainte- 
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nance  tliio-TEPA  and  androgens.  She  was  well  until  ()(!tol)er,  1963,  when  pain 
developed  on  pronation  and  supination  of  the  right  forearm,  together  with  a 
warm  4x6  cm  fusiform  swelling  over  the  radius.  X-ray  examination  showed 
an  erosive  metastatic  bone  lesion  of  the  right  radial  head  and  i)i'oximal  shaft. 
This  regressed  after  cobalt  therapy.  She  was  again  well  until  ( )ctobei',  1964, 
where  there  was  recurrence  of  pain,  swelling  and  waiiiiing  at  the  previous 
lesion.  She  was  again  given  Methotrexate  to  the  jioint  of  stomatitis  without 
effect  on  the  bone  lesion.  Immediately  after  the  stomatitis  Cytoxan,  orally, 
was  initiated.  Within  two  weeks  regression  of  the  local  signs  of  recurrent  os- 
seous disease  occurred  coincidental  with  recm'rence  of  partial  diffuse  alopecia. 
Cytoxan,  200  mg  per  day  orally,  for  twenty  days  each  month  has  been  given 
since  December,  1964.  At  the  present  time  (June,  1965)  her  disease  is  in  clinical 
remission  without  any  sign  of  activity,  2V2  years  after  onset  of  continuous 
chemotherapy.  Constant  leukopenia  has  been  maintained,  but  anemia  or  throm- 
bopenia  never  ocem'red. 

Case  4 

Response  of  Diffuse  Osteolytic  Metastases  to  Cytoxan  After  Inadequate  Re- 
gression On  TP,  MTX,  Androgens  and  Steroids 

E.  G.:  A  47-year-old  jiatient  first  noted  progressively  severe  disabling, 
diffuse  bone  jiain  in  ribs,  cervical  neck,  dorsal  and  lumbar  regions  in  .January, 
1963.  Multiple  osteolytic  lesions  of  the  ribs,  cervical,  dorsal  and  lumbar  spines 
with  multiple  rib  fractures  and  major  collapse  of  the  fifth  cervical  vertebra  and 
fourth  lumbar  vertebra  were  demonstrated  in  May,  1963.  An  open  rib  biopsy 
performed  at  another  hospital  showed  metastatic  carcinoma,  but  the  primary 
site  could  not  then  be  determined.  A  cervical  collar  and  back  brace  were  pre- 
scribed but  she  remained  partially  bed-ridden.  Several  inches  in  height  were 
lost  and  progressive  pain  and  disability  continued.  Total  hysterectomy  for 
fibroids  had  been  performed  six  years  previously. 

On  September  30,  our  initial  examination  now  revealed  a  primary  palpable 
tumor  3x3  cm  in  the  left  breast,  plus  signs  of  vertebral  collapse,  with  marked 
limitation  of  motion  of  the  cervical,  dorsal  and  lumbar  spine.  A  pi-iming  course 
of  thio-TEPA  plus  aqueous  crystalline  testosterone,  a  "poor-ri.sk"  dosage  of 
oral  Methotrexate  and  small  doses  of  oral  Prednisone  were  administered 
simultaneously  (Combination  Schedule  A).  Antifol  stomatitis  appeared  on 
October  26.  By  November  1,  the  breast  lesion  had  virtually  disappeared  and 
her  bone  pain  had  markedly  improved.  To  reduce  the  hazard  of  ambulation 
in  the  presence  of  several  osteolytic  lesions  of  the  spine,  Cobalt  therapy  to  the 
lower  lumbar  s])ine  through  an  8  x  15  cm  ])ortal  to  a  tumor  dose  of  3000  rads 
was  given  from  November  9  to  November  30.  The  thio-TEPA  was  continued 
on  a  maintenance  schedule  15  mg  every  two  weeks,  androgens  were  continued 
with  full  masculinization  and  a  second  course  of  Methotrexate  was  given  in 
December,  1963. 

Bone  pain  showed  further  reduction.  The  pi'iniary  breast  lesion  was  no 
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l()iii;i'r  (l('t('ci;i!)l('.  From  D('C('inl)t'i'  to  Apiil.  ilwvr  was  slight  improvement  in 
mobility,  but  bone  i)ain  continued.  Moderate  leukopenia  was  constantly  main- 
tained with  thio-TEPA,  but  no  anemia  or  thronibopenia  was  induced.  Seven 
iiioiitlis  aftei-  onset  of  combination  therapy  there  was  still  no  visible  recalcifi- 
cation  of  the  osteolytic  metastases.  In  April,  1964  she  was  switched  to  oral 
Cytoxan  therapy,  150  mg  daily  for  20  days  i)er  month  while  masculinization 
was  maintained  on  a  reduced  dosage  of  andi-ogens.  A^'ithin  three  to  four  weeks 
after  starting  the  Cytoxan,  complete  disappearance  of  bone  pain  and  rcsumi)- 
tion  of  normal  iihysical  activity  occurred.  In  July,  1964  three  months  after 


Figs.  5A  and  B.  Recalcification  of  rib  lesions  l'/2  years  after  onset  of  eonil)ination 
cliemotherap3^,  predominantly  Cytoxan  effect  (Case  ^4). 

starting  Cytoxan,  the  osteolytic  lesions  began  to  show  some  degree  of  recalcifi- 
cation. Six  months  later  sodium  fluoride  25  mg  q.i.d.,  p.o.  was  added  to  the 
therapeutic  regimen.  For  6  months  thereafter,  she  was  continued  on  cycles  of 
Cytoxan  and  continuous  testosterone,  sodium  fluoride  and  5  mg  of  prednisone 
daily.  Vigorous  health  has  been  maintained  with  normal  hemoglobin,  fluctuating 
mild  leukopenia  and  obvious  shortened  stature.  No  evidence  of  visceral  or 
mammary  recurrence  is  detectable  20  months  after  onset  of  chemotherapy. 
The  bone  lesions  after  6  months  of  failure  to  respond  to  TP  +  MTX  show  (Fig. 
5)  recalcification  deemed  the  result  of  Cytoxan  therapy.  Serum  alkaline  phos- 
phatase level,  originally  normal,  are  now  at  the  borderline  upper  normal  to 
slightly  elevated  range,  while  sedimentation  and  serum  mucoprotein  levels  have 
returned  to  normal. 
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Case  5 

Response  of  (\\S.  Fuliiionnry  and  Soft  Tissae  M <  laslasi  s  Ajlvf  h'ecurrence 
On  Radiotherapy,  Estrocieris  and  Adrenalertonuj 

This  60-yc;ii  -ol(l  patient  had  bilateral  axillary  metastases  and  a  large  Stage 
III  right  nuunniai'V  carcinoma  treated  with  four  jjortal  cobalt  therapy  in  Fel)- 
ruary,  1962.  There  was  i)artial  regression  of  i)alpable  tlisease  until  November 
1963,  when  incurrence  of  nodular  chest  wall  disease  within  radiated  ports  was 
noted  as  well  as  axillary  and  supraclavicular  adenopathy.  Three  months  of 
estrogen  therapy  ended  with  further  progressive  metastatic  growth.  In  April, 
1964  a  left  eyelid  ptosis  was  noted.  Within  two  days  she  underwent  bilateral 
adrenalectomy,  but  double  vision  occurred  in  June,  accomjianied  by  bilateral 
ocular  palsies.  Weakness  of  the  left  leg  developed  in  July  followed  t)y  lethargy 
and  partial  paresis,  right  pleural  effusion  with  nodules  and  severe  headaches 
with  proptosis  of  right  eye  in  August.  On  August  25  she  was  started  on  a  com- 
bined course  of  thio-TEPA,  Methotrexate  and  aqueous  testosterone.  No  change 
was  made  in  her  steroid  maintenance.  As  soon  as  the  antifol  stomatitis  ap- 
peared after  2.5  mg  of  MTX,  t.i.d.  for  six  days,  there  was  prompt  and  dramatic 
impi'ovement  in  her  neurological  status  and  well-being.  She  was  able  to  walk 
and  vision  was  markedly  improved.  A  second  course  of  MTX  was  given  four 
weeks  later  while  on  thio-TEPA  and  androgen  maintenance.  Further  improve- 
ment in  all  areas  ensued,  including  the  nodular  chest  wall  disease.  A  third 
course  of  Methotrexate  was  gi-\-en  Januaiy  7,  1965  and  the  fourth  course  on 
March  25.  Now,  one  year  after  the  onset  of  the  TP  +  MTX  combination 
therapy,  she  is  in  vigorous  health  with  no  neurologic  disability  and  few  residual 
signs  of  metastatic  disease.  The  pleural  nodules  (scallop)  and  pleural  effusion 
also  regressed  (Fig.  6A,  B,  C)  during  the  year  of  combination  chemotherapy. 
The  TP  -|-  MTX  regimen  will  l)e  continued  until  signs  of  resistant  recurrent 
metastases  are  seen.  A  course  of  Cytoxan  and/or  5-FU  will  be  administered 
de|)ending  on  the  ]ii'edominant  site  of  tlie  new  organ  metastases. 

DISCUSSION 

The  comljination  of  TP  +  MTX  for  advanced  breast  cai'cinoma  between 
1959  and  1961  produced  a  rapid  tumor  inhibitory  effect  in  about  60%  of  40 
Group  I  cases  accompanied  by  acceptable  safety  under  controlled  clinical  con- 
ditions after  failure  of  the  common  methods  of  hormonal  control.  No  compara- 
ble study  of  the  use  of  an  antimetabolite  and  an  alkylating  agent  in  breast 
carcinoma  has  come  to  our  attention.  Since  1961  (Group  Ilj  most  new  patients 
with  life-threatening  metastases  were  treated  without  waiting  the  three  months 
necessary  to  observe  the  solo  effect  of  Testosterone  or  ablative  or  castrations 
procedures  per  se.  This  more  prompt  resort  to  combination  chemotherapy  in- 
creased the  incidence  of  induced  regressions  from  about  60%  in  Group  I  to 
approximately  75-80%  in  Group  II.  This  treatment  of  "fresh"  cases  of  ad- 
vanced metastases  which  resulted  in  15-20%-  more  remissions,  appeared  to  have 
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pcnuittrd  us  to  induce  a  '■(•licniical  castration"  in  a  ^I'oup  which  might  other- 
wise have  responded  to  tlie  usual  methods  of  castration  and  anch'ogen  therai)y 
ak)ne.  The  (H\erse  inhibitory  effects  of  thio-TEPA  and  Methotrexate  on 
ovai'ian  and  a(h'enal  function  hnw  hei'U  reviewt'd  (9)  l)ut  ari'  not  well  known. 
They  must  be  considered  in  evahiating  these  chemotheraiiy  results. 

Despite  the  high  incidence  (60%)  of  regression  induced  in  Group  I,  only 
37-39%  remained  in  remission  for  6  months  or  longer.  The  slightly  earlier  use 
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Figs.  6A,  B  and  C.  Gradual  regression  of  pleural  nodules  and  effusion  during  four  courses 
of  Methotrexate  and  thio-TEPA  maintenance  therapy  (Case  ;^5). 

of  chemotherapy  in  Group  II  did  not  apprecial)ly  incicase  the  number  who 
remained  in  remission  iVs  years  from  onset  of  chemotherapy.  Only  10-15% 
survived  18  months  after  onset  of  chemotherapy  even  when  CYT  +  FU  se- 
quential therapy  was  added  to  the  original  TP  +  MTX  comt^nation. 

The  advanced,  often  pre-terminal  character  of  the  organ  metastatic  disease 
in  most  of  oiu'  patients  must  be  considered  in  comi)aring  these  results  of  com- 
bination chemotherapy  with  those  of  endocrine  or  ablative  procedures.  Al- 
though chemotherapy  remissions  were  more  prompt  in  developing  (2-4  weeks) 
and  were  more  frequent  (60-80%)  than  the  15-20%  hormonal  responses  which 
could  have  been  expected,  the  median  duration  of  chemotherapy  control  was 
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iliuch  slioi'tcr  in  dui'utioii  lliaii  that  ohtaiiUMi  in  the  sinallci'  innnhci-  ol'  lioi  inonal- 
dependent  tumors  Ki-T  nios.  vis.  18-22  inos.).  Conibination  clieuiotliei'apy 
thus  does  not  I'opresent  un  urgent  primary  form  of  therapy  for  cases  of  slow- 
growing,  early  metastatic  disease  in  which  adeciuate  time  appears  to  he  avail- 
able to  observe  the  effects  of  oophorectomy,  andiot^cn  th('i-a])y  oi-  other  al)lative 
procedures  on  metastases  in  non-vital  organs. 

As  experience  with  the  TP-MTX  combination  continued  it  became  ai)paient 
that  the  60-80%  regression  rate  observed  in  skin,  lung  and  CNS  metastases 
could  not  be  achieved  in  two  categories  of  organ  metastases,  i.e.,  in  diffuse 
osseous  metastases  and  in  metastatic  hepatomegaly.  Sequential  chemotherapy 
with  Cytoxan  and/or  Fluorouracil  was  promptly  initiated  in  such  cases  as  soon 
as  resistance  or  recurrence  on  TP-MTX  was  detected.  This  led  to  findings  of 
practical  clinical  importance  such  as,  the  observation  that  Cytoxan  induced 
sustained  remission  in  almost  a  thii'd  of  patients  with  diffuse  osseous  metastases 
clinically  resistant  to  TP  -I-  MTX  +  testosterone  and  Prednisone.  A  lack  of 
cross-resistance  between  Cytoxan  and  TP-MTX  combinations  has  already 
been  noted  clinically  in  other  neoplasms  (13).  However,  for  the  psychologically- 
average  patient  we  are  reluctant  to  employ  Cytoxan  as  the  initial  alkylating 
agent  due  to  its  frequent  G.I.  side  effects,  severe  alopecia  and  hemorrhagic  cysti- 
tis. Alopecia  has  been  extremely  abrupt  and  complete  whenever  Cytoxan  was 
combined  with  Methotrexate. 

The  striking  regression  in  metastatic  hepatomegaly  ])roduced  by  adding 
5-Fluorouracil  to  the  TP  +  MTX  combination  since  1962  indicated  a  preferred 
role  of  5-Fluorouracil  in  the  treatment  of  hepatic  metastases  (10).  An  entero- 
hepatic  excretion  and  concentration  of  5-Fluorouracil  in  the  upper  G.I.  tract 
may  be  related  to  this  peculiar  selectiveness.  While  our  work  was  in  progress, 
Dao  and  Grinberg  at  Roswell  Park  reported  that  o-FU  alone  in  sub-optimum 
doses  safely  induced  regression  of  metastatic  hepatomegaly  in  about  Vi  to  Vs 
of  a  series  of  45  breast  carcinoma  patients  ( 12,  14).  This  appears  to  be  a  lower 
incidence  of  response  than  among  the  nine  cases  given  triple  chemotheraiiy. 
Details  of  the  various  aspects  of  three  drug  therapy  (FU  +  MTX  +  TP  or 
CYT)  in  our  cases  of  metastatic  hepatomegaly  ha^-c  been  presented  elsewhere 
(10). 

The  relative  safety  and  the  60-80%  incidence  of  short-term  regressions 
suggest  that  combination  cytotoxic  chemotherapy  with  TP  and  MTX  should 
be  considered  as  an  urgent  method  of  treatment  for  patients  with  rapidly- 
growing,  life-impairing  disseminated  metastases.  This  therapy  offers  the  pa- 
tient with  CNS,  diffuse  pulmonary  or  other  crucially  placed  metastases,  a 
quick,  albeit  temporary,  reversal  of  symptoms  and  disability.  Our  findings 
suggest  that  cases  of  cerebral,  neurological  or  ophthalmic  metastases  should 
be  treated  as  chemotherapeutic  emergencies.  The  simultaneous  response  of 
CNS  metastases  and  lung  or  skin  metastases  during  the  antifol  effect  was  a 
striking  clinical  phenomenon.  Preliminary  experience  suggests  that  the  prompt 
treatment  of  CNS  metastases  with  combination  chemotherapy  followed  by 
broadside  cobalt  therapy  offers  the  best  chance  for  pi'olonged  survival. 
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Hcgi'osioii  of  rXS  inet;ista.ses  at  the  licitiht  of  the  aiitifol  action  suggests 
that  systemic  jNIethotrexate  passes  the  hlooil  hraiii  l)arn('r  to  some  extent, 
perhaps  with  the  aid  of  moderate  steroid  dosage.  Regression  of  cer('l)ral  hni- 
kemia  and  di\('rs('  hrain  tumors  after  Methotrexate  therajjy  ll.ji  by  the 
intrathecal  loute  has  been  described.  Massive  steroid  therapy  alone  induced 
only  3  short  remissions  in  45  cases  of  intracerebral  breast  metastases  reported 
by  Kofman  (16).  The  I'ole  of  steroids  in  potentiating  the  chemotherapy  must 
also  be  consideicd,  wlicthcr  the  effects  are  mediated  through  reduction  of 
j)erimetastatic  edema,  imi)roved  blood  supply  or  other  mechanisms  (16,  17). 

The  usual  tendency  of  continuous  thio-TEPA  therapy  to  induce  anemia, 
thrombopenia.  pui|)ura  and  bleeding  appears  to  have  been  avoided  by  the 
hematostimulation  from  testosterone  and  the  use  of  modest  doses  of  steroids. 
Many  patients  showed  remarkable  hematologic  tolerance  to  double  drug 
combination  in  sequence,  as  a  result  of  the  androgen  effect,  at  times  bordering 
on  an  induced  polycythemia.  Since  Gardner's  (18)  first  paper  on  androgens 
and  erythropoesis  others  have  also  noted  the  excellent  protection  afforded  pa- 
tients on  chemotherapy  with  androgen  therapy  (19,  20). 

The  daily  examination  of  "poor-risk"  patients  during  the  first  course  of 
Methotrexate,  was  a  sine  qua  non  in  order  to  avoid  fatal  overdosage  after  the 
first  signs  of  an  oncoming  antifol  effect.  The  severe  systemic  toxicity  of  Metho- 
trexate (irreversible  once  fully  established)  could  be  prevented  only  by  care- 
fully individualizing  the  patient  dosage  according  to  clinical  risk  category  and 
not  according  to  weight.  While  the  use  of  citrovorum  factor  may  accelerate  the 
recovery  from  any  unexpected  severe  antifol  state,  it  cannot  block  fatal  antifol 
dosage  after  such  has  been  given.  However,  the  definite  antifol  "titration" 
endpoint  and  the  availability  of  citrovorum  factor  make  Methotrexate  a  more 
precisely  effective,  feasible  and  probably  safer  antimetabolite  than  5-FU  for 
initial  combination  chemotherapy.  Each  of  three  supportive  measures  ( andro- 
gens, steroids  and  B12)  appeared  to  i)lay  a  role  in  the  relatively  low  drug- 
induced  mortality  observed  after  combination  chemotherapy.  Continuous, 
relatively  large  doses  of  B12  do  not  counteract  (21)  the  tumor  inhibiting  effect 
of  antifols.  In  addition,  B12  may  prevent  macrocytic  anemia  from  de^'eloping 
(22)  without  altering  the  underlying  folic  acid  deprivation  state. 

The  patient's  acceptance  of  the  toxic  and  cosmetic  effects  from  TP,  MTX, 
and  testosterone  depends  on  the  \-igor,  interest  and  psychological  control 
manifested  by  the  chemotherapist  towards  his  patient.  Good  rapjiort,  frequent 
blood  counts  and  reliable  comnmnication  during  ambulatory  antifol  therapy 
is  necessary  for  safe  combination  chemotherapy.  The  availability  of  inexpensive 
attractive  wigs  has  made  severe  alopecia  an  acceptable  side  effect  for  most 
patients,  particularly  if  the  alopecia  is  gradual  and  partial  during  the  first 
course  of  chemotherapy,  at  a  time  when  clinical  improvement  usually  becomes 
manifest.  Patients  who  suffer  oral  ulceration  and  other  upper  G.I.  symptoms 
will  accept  repeated  courses  of  Methotrexate,  if  they  achieve  recognizable 
relief  of  symptoms  or  signs  of  cancer. 

Om-  study  suggests,  but  does  not  prove,  that  thio-TEPA  synergizes  the 
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clinical  cftccti\-ciics8  of  Mcthotrcxiitc.  Mcthoti'cx.-Uc  alone  induced  'M)' ,  oh- 
icctive  regressions  in  two  independent  studies  on  l)ix'Hst  cancer  patients  hy 
Wright  (3l  et  al.  in  1959  and  by  Nevinny  ef  al.  (20)  in  1965.  Iti  both  series 
the  response  rate  of  skin  and  subcutaneous  metastases  was  strikingly  siniilai'. 
Since  we  observed  a  60%  response  rate  at  the  height  of  the  first  antifol  effect, 
it  appears  that  Methotrexate  is  a  more  potent  factor  than  TP.  Although  there 
were  no  concurrent  single  drug  controls  in  our  study,  the  incidence  of  60-80'^;^  re- 
gressions obtained  with  TP  +  MTX  is  distinctly  greater  than  expected  from 
any  single  drug  therapy.  iSuch  a  high  incidence  of  rapid  regressions  in  life- 
thi'eatening  organ  metastases  has  not  been  reported  from  Methotrexate  alone. 
However,  an  occasional  report  on  thio-TEPA  and  5-Fluorouracil  mentions 
almost  comparable  res]ionse  rates  ni  less  advanced  metastatic  disease.  In 

TABLE  \\l 

Tentative  Selection  of  Agents  fur  Combination  Chemotherapi/ 

A.  Honnone  Resistant  Metastases 

Basic  Therapy  =  Thio-TEPA  +  Testosterone 
Supplementary  Agents: 

Soft  Tissue  MTX 

Soft  Tissue  and  Fibrosis       MTX  +  Steroids 

CNS  MTX  +  Steroids 

Lung,  Nodular  MTX 

Hepatic  FU  +  Steroids      MTX  and/or  CYT 

Osseous  MTX  — >  Cytoxan 

Lung,  Lymphangitic  MTX      CYT  ->  FU 

B.  TP  +  MTX  Resistant 

FU  and/or  Cytoxan 

C.  "Inflammatory"  Carcinoma 

TP  +  MTX  +  Testo  (+  steroids):  after  2  months,  radiotherapy  started;  if  no  dis- 
tant metastases  after  six  months  offer  surgery.  Then  resume  maintenance  TP  + 
MTX.  Later  CYT  and/or  FU. 


crucially-ill  i:)atients  the  use  of  modest  steroid  dosage  with  the  TP  +  MTX 
combination  apixuired  to  potentiate  the  anti-tumor  effect  while  the  androgens 
and  B12  enhanced  the  tolerance  to  the  antimetabolite  and  alkylating  agent. 

Since  chemotherapy  responses  may  far  outnumber  the  hormone  dependent 
responders,  the  practicing  clinician  may  wonder  how  the  four  chemotherapeutic 
agents  and  the  supportive  measures  fit  into  the  general  management  of  ad- 
vanced breast  carcinoma.  For  slow-growing  metastatic  disease  in  non-vital 
organs,  a  three-month  trial  of  endocrine  control  ajipears  advisable  before 
resorting  to  combination  chemotherapy.  However,  the  more  advanced  and 
rapid  the  spread  of  metastases,  the  more  likely  is  combination  chemotherapy 
to  offer  a  temporary  but  worthwhile  palliation  not  obtainable  by  conventional 
radiation,  ablative  or  hormonal  measures.  A  scheme  of  the  interdigitation  of  the 
various  modalities  discussed  in  this  paper,  is  tentatively  offered  in  Table  VII. 
The  responsible  physician  must  be  committed  to  avoid  homeopathic  underdos- 
age,  toxic  overdosage  or  any  transitory,  haphazard,  ambivalent  trial  of  these 
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(litiicult  and  rclativi'ly  unl'uniiliar  agents  to  obtain  the  niaxinnuu  benefits  of 
eytotoxie  clieiuothei'ai^y. 

MM.MAKV 

J^imultaneons  combination  chemotherapy  with  the  alkyhiting  agent  thio- 
TEPA  and  the  antimetabolite  Methotrexate  was  relatively  safe  in  113  cases  of 
advanced  breast  carcinoma  provided  dosage  was  adjusted  to  the  clinical  risk 
category  of  each  patient.  TP  +  MTX  induced  short-term  objective  regression 
in  60%  of  cases  with  skin  and  subcutaneous,  regional  pulmonary  and  CNS 
metastases,  but  in  few  cases  of  diffuse  osseous  or  hepatic  metastases.  When 
TP  and  MTX  were  combined  with  Testosterone  and  Prednisone,  in  previously 
fresh  non-hormone  treated  cases,  thi-ee-fourths  of  a  large  series  showed  objec- 
tive regression  and  clinical  remission,  usually  of  3-9  months  duration.  Triple 
therapy  with  5-Fluoiouracil  added  to  the  combination  cytotoxic  regimen  re- 
sulted in  regression  of  heretofore  pre-terminal  hepatic  metastases.  Secondary 
remissions  in  bone  metastases  were  induced  by  Cytoxan  therapy  after  failui'e 
of  thio-TEPA  and  INITX.  A  small  series  of  inflanmiatory  cai'cinomas  responded 
to  the  TP  and  ^NITX  regimen  without  any  evidence  of  breakdown  of  host 
immunity  on  long-term  maintenance  chemotherapy.  Despite  simultaneous  TP 
and  MTX  combinations  and  sequential  therapy  with  Cytoxan  and  5-Fluoro- 
uracil,  only  10-15%  of  all  cases  remained  in  remission  after  18  months.  Al- 
though the  more  numerous  regressions  after  combination  chemotherapy  were 
more  transient  than  usual  remissions  of  hormone  or  al)lative  therajiy,  they 
provided  worthwhile  temporary  effective  control  of  rapidly-growing,  life- 
threatening  organ  metastases. 
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'riic  prc'xailing  image  of  the  "dope  addict"  is  that  of  a  poor,  uneihicated 
Negro  or  Puerto  Rican  from  the  shims  of  the  metropolitan  area,  who  occa- 
sionally makes  the  headlines  through  hold-ups  or  robberies.  He  mal-ces  the  end- 
less revolving  door  cycle  of  jails  and  detoxifications  in  specialized  hospitals, 
only  to  start  the  entire  jirocess  all  over  again  upon  his  return  to  the  community. 
No  doubt,  a  large  number  of  addicts  fit  that  desci'iption.  But  there  is  an  in- 
creasing awareness  of  the  existence  of  another  addict  population.  These  ad- 
dicts do  not  purchase  their  drugs  on  the  black  mai'ket  at  exorbitant  prices,  with 
the  police  in  constant  pursuit.  These  addicts  belong  to  the  middle  or  upper  eco- 
noiriic  and  social  strata,  and  misuse  certain  drugs  prescribed  for  them  bona  fide 
by  their  physician.  Not  only  are  the  commonly  prescribed  narcotics  used,  but 
also  drugs  which  in  the  past  have  rarely  been  suspected  of  addicting  properties, 
like  hypnotics,  "diet  pills"  (amphetamines),  medication  to  "calm  the  nerves" 
(tranquilizers),  etc.  It  niu.st  lie  stated  immediately  that  these  drugs  per  se  are 
very  valuable,  and  that  the  daily  practice  of  medicine  without  them,  be  it  in  the 
office  or  the  hosjiital,  would  he  set  back  several  decades.  Like  with  any  potent 
drugs,  there  exist  indications  and  contraindications  for  their  proper  use;  the 
desired  therajieutic  effects  must  be  weighed  not  only  against  the  possible  toxic 
effects,  side-effects,  allergies,  etc.,  but  also  their  addiction  liability. 

Sometimes  the  physician  is  shocked  to  find  that  a  patient  of  his  has  been  an 
addict  without  his  knowledge;  sometimes  this  jiatient  has  become  addicted 
through  the  physician's  inadvertence.  Although  not  every  eventuality  can  be 
foreseen,  it  is  advisable  not  to  prescribe  unnecessary  quantities  of  such  drugs 
without  the  safeguard  of  periodic  ^'isits,  or  even  better  to  prescrilje  only  the 
amount  which  will  carry  the  patient  only  till  the  time  of  the  next  visit.  It  is 
advisable  to  make  sure  that  such  prescriptions  cannot  be  renewed  without  the 
physician's  knowiedgt'  and  consent.  This  kind  of  medication  should  be  admin- 
istered only  as  long  as  the  target  symptoms  persist. 

Despite  these  jirecautions  it  is  possible  that  the  patient  may  become  ad- 
dicted. Such  patients  will  u.sually  be  quite  insistent  that  they  be  given  certain 
drugs  in  definite  amoiuits,  and  they  display  an  uncommon  knowledge  of  drugs 
with  similar  action.  They  l)ecome  anxious,  when  questioned  about  possible 
addiction,  since  they  fear  discovery.  Some  addicts  "make  the  rounds"  of  physi- 
cians to  receive  the  addicting  medication  by  prescription. 

It  should  not  be  forgotten  though,  that  despite  the  enormous  increase  in  the 
amount  of  drugs  jirescribcd  and  consumed,  only  a  relatively  small  number  of 
persons  become  addicted.  It  is  still  impossil)le  to  predict  what  sort  of  pcrson- 

From  tho  Department  of  P.sycliiatry,  Institute  of  Psychiatry,  The  Mount  Sinai  Hcspital, 
New  York,  N.Y. 
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alitv  trnds  to  hccoinc  addicted,  and  wlui,  on  llic  otlicc  hand,  can  nsc  these  (h'n^s 
safely  over  a  lon^  period  of  time  in  rehitively  hii'^e  (luantitios. 

With  .some  chagrin  it  must  finally  he  said,  that  the  medical  pi'ofession,  to- 
gether with  nurses  and  ])harmacisls,  constitute  the  single  largest,  occupational 
categoi'v  of  addicts,  since  access  to  these  drugs  is  so  easy  for  them. 

CLASSIFICATION  OF  ADDICTIN(i  DRUGS 

The  medical  profession  is  becoming  increasingly  aware  of  the  problems  of 
addiction  to  narcotics  and  non-narcotics,  and  of  the  necessity  to  treat  those 
addicted  within  their  comnuuiity  rather  than  sending  them  off  to  some  distant 
specialized  hospital.* 

It  is  generally  accepted  that  addiction  is  the  outgrowth  of  serious  i)sycho- 
logical  problems,  which  require  psychiatric  treatment.  The  immediate  task, 
however,  once  the  diagnosis  is  established,  is  to  withdraw  the  patient  from  the 
addicting  drug.  Proper  management  of  this  phase  may  be  of  great  imjiortance 
in  establishing  the  right  tone  for  the  future  therapeutic  relation. 

The  following  classification  (see  Table  I)  reflects  in  a  general  way  the  out- 
lines of  Isbell  (1) ,  and  Kielholz  and  Battegay  (2) ,  but  also  includes  some  newer 
drugs  and  substances,  used  by  addicts.  This  outline  has  l)een  found  useful  and 
practical  in  handling  the  problems  of  withdrawal.  It  has  also  facilitated  teach- 
ing the  practical  problems  of  addiction  to  general  practitioners  as  well  as  to 
psychiati'ic  attending  and  resident  staffs. 

The  chief  criterion  of  addiction  is  the  j)resencc  of  dependence,  physical  and 
psychological.  Physical  dependence  implies  an  altered  jihysiology  brought 
about  by  repeated,  prolonged  and  continued  administration  of  certain  drugs. 
The  abi'upt  discontinuation  of  this  administration  will  give  rise  to  a  self-limited 
illness  called  the  abstinence  or  withdrawal  syndrome. 

The  opiates  and  the  synthetic  compounds  with  similar  action  ("opioids")  give 
rise  to  withdrawal  symptoms  of  marked  irritability  and  autonomic  dysfunction 
upon  withdrawal  of  the  implicated  drug.  Addiction  to  hypnotics  (barbiturates 
and  drugs  with  similar  properties)  and  the  "minor"  tranquilizers  manifests  it- 
self by  convulsions  and  delirium  (usually  with  jiaranoid  trends i  during  with- 
drawal. 

The  above  named  two  large  categories  have  in  common  the  fact,  that  treat- 
ment, although  not  impossible  on  an  outpatient  basis  (3j,  should  preferably 
be  conducted  in  a  hospital  setting.  The  hospital,  preferably  a  psychiatric  ward, 
which  provides  close  supervision  and  assures  control  of  possible  contraband, 
also  gives  greater  comfort  and  safety  to  the  patient.  The  treating  physician  can 
rely  better  upon  the  resident  and  nursing  staff  for  frequent  follow-up  of  the 
patient's  condition  and  prompt  action  in  case  of  emergency. 

Within  each  of  these  categories  exists  an  interchangeability  of  phainiaco- 
logical  i)i'operties  not  only  recognized  by  the  addict  for  the  purpose  of  con- 

*  See,  for  examplo,  the  Report  of  the  Sulx-ominittco  on  Narcotics  Addiction  of  the 
Medical  Society  of  the  County  of  New  York  in  New  York  Medicine,  p.  46G-46L,  January 
20,  1965. 
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tinning  the  i)i-o('ess  of  addiction,  hnt  uIm)  i'oi'  the  ti'e'atnii'nt  of  withdrawal 
symptoms.  For  practical  purposes,  withdrawal  from  opiates  and  opioids  is 
treated  with  decreasing  doses  of  methadone,  while  secol)arhital  or  pento- 
barbital in  decreasing  doses  are  used  in  the  second  group  (4). 

TABLE  I 

( 'Idsui Jicalion  (if  Addicting  Dri/ys  (Mixlijlcd  after  I^bcll) 

CLASS  I.  DRUGS  CAUSING  BOTH  PSYCHOLOGICAL  AND  PHYSICAL  DEPENDENCE 
THEREFORE  REQUIRING  WITHDRAWAL  TREATMENT 

Subcldfts  A  .  ()j)i;itf\s  and  opioids  (CNS  irritability  and  autonomic  dysfunction  on  with- 
drawal I 

1.  Opium  and  its  preparations  [daudamiin,  |)aregoric,  morphine,  Pantopon,  codeine, 
heroin,  hydroniorpiiinone  (i)ilaudid),  dihydrocodeiiione  (Hycodan),  oxycodone 
(Percodaii)l 

2.  Morphiiian  grouj) :  Uaceniorphan  (t)romoran),  levorijlian  ( Levo-dromoran) 

3.  Benzomorphaiis :  Phenazocine  (Prinadol) 

4.  Meperidine  uroup :  inejjeridine  (Demerol ),  alpha]>rodine  (Xisentil),  anileridine  (Leri- 
tine),  piminidon(>  (Alvodine) 

5.  Melhad(jne  ^riiup:  methadone  (l-)oloj;liin(>,  Amidone).  (The  narcotic  antagonists 
nalorphine  and  levallorphan  are  not  addicting.) 

Siibclass  B.  Hypnotics  and  "minor"  tranquilizers.*   (Convulsions  and/or  delirium  oil 
withdrawal ) 

1.  Barbiturates 

2.  Chloral  hydrate 

3.  Paraldehyde 

4.  (jhitethimide  (Doriden),  metiiypiylon  (Xoludarj 

5.  Ethchlorvynol  (Placidyl ) ,  ethinamate  (Valmidj 
().  Meprobamate  (Equanil,  Miltown,  Deprol) 

7.  Chlordiazepo-xide  (Librium),  diazepam  (Valium) 

8.  Alcohol 

CLASS  II.  DRUGS  CAUSING  PSYCHOLOGICAL,  BUT  NOT  PHYSICAL  DEPENDENCE, 
THEREFORE  NOT  REQUIRING  WITHDRAWAL  TREATMENT 

L  Marijuana  (Indian  hemp,  hashish) 

2.  Cocaine 

3.  Amphetamines 

4.  Sedatives  and  tranquilizers:  l)romides,  reserpine,  phenothiazines  (chlorpromazine 
etc.) 

5.  Hallucinogens  (peyote,  mescaline,  LSD,  morning  glory  seeds) 
(i.  Inhalants  (glue,  gasoline,  ether,  amyl  nitrate) 

7.  Antidepressants  limi])rainiiie  (TotVaiiil) ,  amitriptyline  (Elavil),  methylphenidate 
(Ritalin  )j 

*  See  the  statement  prepared  by  the  AMA  Committee  on  Alcoholism  and  Addiction, 
"Dependence  on  Barbiturates  and  Other  Sedative  Drugs,"  for  a  more  complete  list 
(J.A.M.A.,  193:  107,  19(i5). 

Although  all  of  the  addicting  drugs  create  psychological  dependence,  only 
the  above  named  groups  create  physical  dependence.  Drugs,  which  create  psy- 
chological dependence  exclusively,  will  not  give  rise  to  withdrawal  symptoms, 
and  there  is  no  need  for  specific  treatment  of  this  phase  of  addiction  in  such  pa- 
tients. Therefore,  the  withdrawal  of  these  drugs  can  be  immediate  and  complete. 
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'riii.s  group,  in  ;i  general  way,  includes  some  stinuilants,  ant idepicssants,  tran- 
(juilizers,  as  well  as  substances  used  sporadically  for  "kicks"  (hallucinogens, 
glue,  etc.).  Thi.s  does  not  imply  that  the  patient  will  not  complain  of  anxiety, 
ilepivssion,  tension  or  insomnia  upon  withdrawal,  but  these  symptoms  will  be 
treated  as  they  should  lie  in  any  psychiatric  illness. 

CONCLUSIONS 

From  the  i)erusal  of  the  table,  the  following  conclusions  may  be  drawn. 

1.  The  general  symptomatology  of  the  particular  addiction.  Addicts  of  the 
Subclass  A  (opiates  and  opioids)  are  usually  subdued,  passive  and  withdrawn, 
while  under  the  influence  of  drugs.  Addicts  of  Subclass  B  (hypnotics,  "minor" 
tranquilizers,  etc.)  appear  drunk,  show  poor  judgement  and  may  become  un- 
predictably aggressive,  features  which  are  well  known  in  regard  to  alcohol,  but 
much  less  so  in  relation  to  the  other  drugs  of  this  Subclass. 

2.  Characteristics  of  withdrawal  symptoms.  It  can  be  anticipated  that  pa- 
tients addicted  to  drugs  in  Subclass  A  will  have  withdrawal  symptoms  char- 
acterized by  CNS  irritability  and  autonomic  dysfunction,  while  those  addicted 
to  drugs  in  Subclass  B  may  have  convulsions  and  delirium  (usually  with  para- 
noid trends ) . 

3.  Need  for  treatment  of  withdrawal.  Drugs  in  Class  II  do  not  produce 
withdrawal  symptoms,  therefore  no  specific  treatment  is  required.  All  drugs  in 
Class  I  produce  withdrawal  symptoms,  which  should  be  treated  in  a  hospital 
setting  rather  than  at  home  or  on  an  outpatient  basis  (this  is  especially  true  of 
Subclass  B). 

4-  Method  of  treatment.  Drugs  in  Subclass  A  can  be  interchanged  with  other 
drugs  within  the  same  subclass  to  withdraw  the  patient  by  diminishing  doses 
of  the  drug;  methadone,  which  can  be  given  by  mouth,  is  the  drug  of  choice. 
The  same  principle  applies  to  drugs  in  Subclass  B,  which  can  be  used  inter- 
changeably within  that  subclass  to  withdraw  the  patient  by  diminishing  the 
dosage  of  the  drug;  secobarbital  or  pentobarbital  are  the  drugs  of  choice. 
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The  Role  of"  Indicator  Dilution  Curves  in  Cardiovascular 

Studies 

PHILIP  SAMET,  M.D.,  axd  WILLIAM  H,  BERNSTEIN,  M.D. 
Miami  BeacJi.  Florida 

The  indicator  dilution  technique  (1,  2)  has  become  an  integral  part  of  present 
day  methodology  for  the  study  of  the  cardiovascular  system.  The  indicators 
employed  have  included  such  dyes  as  indocyanine  green,  Evans  blue  and 
Coumassie  blue,  ascorbic  acid,  inhaled  hydrogen,  hydrogenated  saline,  radio- 
active indicators  such  as  krypton,  iodinated  albumin  and  alkyl  iodides,  cold 
saline  and  inhaled  nitrous  oxide.  The  various  radiopaque  dyes  used  in  angio- 
cardiography in  reality  constitute  another  \'ariety  of  indicators  employed  for 
registration  of  dilution  curves. 

These  varied  modalities  ha^-e  l)cen  utilized  primarily  for  the  determination 
of  cardiac  output  and  regional  blood  flows,  for  the  detection  and  localization 
of  right  to  left  and  left  to  right  intracardiac  and  extracardiae  shunts,  for  de- 
termination of  the  blood  volume  between  the  point  of  injection  and  the  sam- 
pling site  and  for  the  detection  and  localization  of  valvular  insufficiency.  The 
major  purpose  of  this  report  is  to  illustrate  the  manner  in  which  indocyanine 
green  and  ascorbic  acid  curves  may  be  utilized  to  study  intra  and  extra-cardiac 
shunts.  The  other  indicators  mentioned  above  will  be  discussed  only  briefly. 
The  contributions  of  Wood,  Swan  and  their  collaborators  (3-6)  and  Braunwald, 
Morrow  and  co-workers  (7-10)  have  lain  the  groundwork  for  many  of  these 
studies.  The  methods  and  materials  employed  in  this  lal)oratory  have  been 
previously  described  (11-13). 

GENERAL  PRINCIPLES 

The  basic  concepts  of  indicator  dilution  curves  in  the  normal  subject  and 
those  with  left  to  right  and  right  to  left  shunts  are  illustrated  in  Figures  1-5. 
The  injection  site  is  the  anatomic  point  at  which  the  indocyanine  green  is  in- 
troduced into  the  circulatory  system.  The  sampling  site  is  the  area  from  which 
an  indicator  dilution  curve  is  inscribed.  In  Figure  1,  the  indicator  is  injected 
into  the  right  side  of  the  heart  and  sampled  from  a  systemic  artery.  In  the 
normal  subject,  the  bolus  of  dye  passes  through  the  right  and  left  sides  of  the 
heart  in  series.  The  characteristics  of  this  normal  curve  are  well  known,  with 
a  rapid  uj^stroke  after  a  normal  appearance  time.  As  the  indicator  passes  the 
sampling  point,  the  concentration  falls  nearly  to  the  baseline.  The  recircula- 
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tion  curve  is  generally  ai)i)arent.  In  subjects  with  a  left  to  rifj;hl  sliuul  down- 
stream to  the  injection  site,  a  portion  of  the  bolus  of  dye  passes  throu^^ii  the 
lungs  and  thence  directly  to  the  periphery;  another  portion  recirculates  within 
the  lungs,  and  ai'rives  at  the  periphery  late,  resulting  in  a  break  on  the  down- 
stroke  of  the  i)riniary  curve.  In  patients  with  a  right  to  left  shunt  downstream 
to  the  injection  site,  a  typical  double-humped  curve  results.  A  portion  of  the 
bolus  of  dye  bypasses  the  lungs  to  reach  the  i)eripheral  arterial  sampling  site 
early.  Another  portion  of  the  bolus  circuhites  through  the  lungs  to  ai'iive  at  the 


Injection  Site 


Fig.  1.  Diagram  of  three  pos.sible  circulatory  pathways  after  a  right  heart  injection  .site 
with  peripheral  arterial  .sampHng.  The  curves  illustrate  the  normal  state,  a  left  to  right 
and  a  right  to  left  shunt. 

periphery  at  a  later,  but  normal  time,  resulting  in  the  typical  appearance  of  the 
indicator  curve.  jVlultiple  consecutive  dye  injections  into  the  right  side  of  the 
heart  serve  to  localize  the  site  of  right  to  left  shunting.  For  example,  a  double- 
humped  curve  with  an  early  appearance  time  (interval  from  the  moment  of  dye 
injection  to  the  time  the  dye  first  appears  in  the  systemic  ai'tery)  from  the 
I'ight  ventricle,  but  not  from  the  pulmonary  artery,  pinpoints  the  right  ventiicle 
as  the  source  of  the  right  to  left  shunt. 

Localization  of  the  site  of  a  left  to  right  shunt  is  not  possible  by  the  technique 
of  injection  into  the  right  heart  with  systemic  arterial  sampling.  For  example, 
injection  into  the  pulmonary  artery,  right  ventricle  and  right  atrium  with  sys- 
temic arterial  sampling  will  result  in  similar  cur\'es  in  the  jiresence  of  a  patent 
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ductus  arteriosus,  an  intcrvi'iitricular  septal  defect  or  an  interatrial  septal  de- 
fect. Localization  of  the  left  to  right  shunt  is  illustrated  in  Figures  2-5.  These 
techniques  consist  either  of  constant  injection  and  variable  sampling  site  tech- 
niques, or  constant  sampling  and  variable  injection  sites  techniques. 

The  constant  injection  variable  sampling  site  api)roach  was  first  described 
by  Braunwald  et  ol.  (9)  (Fig.  2),  and  Wood  et  al.  I6l  (Fig.  3).  In  the  former 
method,  the  dye  injection  site  is  usually  a  periplieral  vein.  The  chambers  of 
the  right  heart  serve  as  the  variable  sampling  sites.  As  illustrated,  in  an  inter- 


irWECnON  SITE 


I 


Fig.  2.  Con.«tant  upstream  peripheral  venous  injection  site  and  variable  downstream  right 
heart  .sampling  .site.  See  text. 


ventricular  septal  defect,  the  superior  vena  cava  and  right  atrial  curves  are 
normal,  but  the  downstroke  of  the  right  ventricular  curve  is  interrupted  by  the 
dye  shunted  from  the  left  to  the  right  ventricle.  In  an  interatrial  defect,  inter- 
ruption of  the  downstroke  is  first  noted  in  the  right  atrial  curve  as  the  sampling 
site  is  moved  progressively  downstream.  An  even  more  sophisticated  approach 
is  that  employed  by  Wood  et  al.  (6)  (Fig.  3) .  The  injection  site  is  located  down- 
stream to  the  varied  samj^ling  sites.  In  an  interventricular  septal  defect,  dye 
injection  into  a  pulmonary  artery  with  right  atrial  or  superior  vena  cava  sam- 
pling is  characterized  by  a  long  appearance  time  since  the  indicator  must  cir- 
culate from  the  pulmonary  artery  thi'ough  the  entire  circulatory  system  before 
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;i|)|)<';irin<2;  at  the  sainplin.ii;  site.  ( )n  the  oilier  liaml.  if  a  i-i;j;lil  xciiti-iculai'  saiii- 
])\ing  site  is  utilized,  the  a|)|)eai-ance  time  is  (•onsi( lei'ahly  shoi'lec,  of  the  oi'dei' 
of  2  or  3  scoonils  oi'  less,  since  the  indicatoi'  t  i'a\'<'i'ses  oidy  a  short  pathway  l>e- 
foi'e  detection,  i.e.,  fi'oiii  |)ulinonai-y  artei'y  to  pidiuoiiai'v  vein  to  left  ati'ium  and 


\-enti'i('le  and  hack  to  the  ri<ih!  veiili-icle.  Frogressi\-e  iiio\'eiiient  downsti'eani  of 
the  sanii)ling  site  thus  sei'ves  to  localize  the  site  of  the  left  to  I'i^ht  shuntinii;. 
Two  intracardiac  catheters  are  utilized  for  this  method. 

The  constant  sampling  site,  variable  injection  site  technique  may  also  be 
utilized  to  detect  and  localize  left  to  right  shunts,  as  described  first  by  Braun- 


biiaction  Site 


Fig.  3.  Constant  downstream  pulmonary  artcrj-  in.iection  site  and  variable  upstream  right 
lieart  sampling  site.  See  text. 

wald,  et  al.  l8l  (Fig.  4).  A  systemic  artery  may  service  as  the  samjiling  site 
in  this  method.  If  the  injector  site  is  downstream  to  the  site  of  the  left  to  right 
shunt,  a  normal  systemic  arterial  curve  is  obtained.  If  the  injection  site  is  at 
or  upstream  to  the  shunt  site,  interrujition  of  the  downstroke  of  the  systemic 
arterial  curve  will  occur.  These  curves  are  illustrated  in  Figure  4  for  a  left  to 
right  shunt  at  the  ventricular  or  pulmonary  artery  levels.  A  variation  of  the 
two  catheter  right  heart  sampling  technicjue  (6)  may  also  be  employed  to  lo- 
calize left  to  right  shunts  (Fig.  5).  The  sampling  site  is  kept  constant,  for  ex- 
ample, in  the  pulmonary  artery,  while  the  left  heart  injection  site  is  varied.  If 
the  injection  site  is  downstream  to  the  left  to  right  shunt,  the  interval  from 
dye  injection  to  its  appearance  in  the  pulmonary  artery  is  normally  prolonged. 
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perhaps  8-10-12  seconds.  If  the  injection  site  is  at  or  upstri'ani  to  the  left  to 
right  shunt  site,  the  dve  a|)peai'ance  time  is  foreshortened  to  perhai)s  2-4  sec- 
onds. 

In  generah  it  has  heen  our  exiterience  (hat  left  to  right  shunts  can  be  de- 
tected and  localized  most  decisively  by  utilization  of  the  early  appearance  time 
approach  (Figs.  3  and  5).  The  interruption  of  the  downstroke  technique  (Figs. 
2  and  4)  may  on  occassion  result  in  less  positive  identification  of  left  to  right 
shunts.  The  application  of  the  above  pi'inciples  will  be  illustrated  by  indicator 


INJECTION 
SITE 


LUNGS 


PATENT 


DUCTUS  ARTERIOSUS 


ASC.  AORTA 


ARCH  AORTA 


SYSTEMIC 
ARTERY 


DES.  AORTA 


SAMPLING 
SITE 


Fig.  4.  Constant  down.stream  sampling  site  with  variable  left  heart  upstream  in.iection 
site.  See  text. 

dilution  curves  with  indocyanine  green  and  ascorbic  acid  in  varied  types  of 
congenital  heart  disease.  The  dye  dilution  curves  were  recorded  on  an  eight 
channel  photographic  recorder  (Electronics  for  Medicine) ,  utilizing  a  Gilford 
den.sitometer  and  a  Harvard  constant  infusion-withdrawal  apparatus  (11-13). 
Blood  removed  for  dye  curve  inscription  was  re-infused  at  completion  of  in- 
scription of  the  indicator  curve.  The  technique  for  ascorbate  curve  inscription 
has  been  described  previously  (10,  14). 


RESULTS  AND  DISCITSSION 


Indicator  dilution  curves  in  a  normal  child  are  shown  in  Figure  6.  To  the 
left,  the  injection  site  is  the  pulmonary  artery,  the  sampling  site,  the  femoral 
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Fig.  5.  Constant  upstream  sampling  site  witli  variable  left  heart  downstream  injection 
site.  See  text. 


M.  Hes.      Nl  Heart 
12-15-60 

RPA  to  RFA   (G-6-25)  L  Bra  Vein  to  RPA  (G-6-25) 


Fig.  6.  Indocyanine  green  dilution  curves  in  a  normal  child.  The  curve  to  (he  left  is  from 
I  ho  risiht  inihiioiinrv  artery  to  the  right  femoral  artery;  that  to  the  right  is  from  the  left 
brachial  lu  ilic  right  pulmonary  artery.  The  0.7  sec.  and  2.3  sec.  time  periods  are 

suhti'actcd  ic)  (-(jrrrct  for  the  dead  space  volumes  of  the  respective  sampling  systems. 
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S.Tay.  Normal  1/5/63 


R.PA.  to  R.RA. 


ctic 


Sfic, 


r 


Fig.  7.  Ascorbic  acid  and  indocyanine  green  indicator  dilution  curves  in  a  normal  child. 
In  the  former  curve  the  injection  and  sampling  site  is  the  pulmonary  artery.  The  first  de- 
flection is  caused  by  the  ascorbate  injection,  the  second  by  total  body  recirculation  of 
ascorbic  acid. 

L.  Smi.  Cong.  A.  S.  and  A,  I. 

7/2/62 

R.RA.  Injecticsi  R.PA.  to  L.F.A. 

*Jnjection  Time 


5  Sec. 


•i   I    5  Sec 


l^.T.=aOSec. 


A.T.=  4.0Sec. 


Fig.  8.  Ascorbate  dilution  curves  in  a  patient  with  congenital  aortic  valve  disease.  In  the 
curv^e  to  the  left  the  injection  and  sampling  site  is  the  pulmonary  artery ;  in  the  curve  to 
the  right,  the  ascorbate  is  injected  into  the  pulmonary  artery  and  sampled  from  the  femoral 
artery. 
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artery.  To  the  I'i^lit,  the  injection  site  is  a  in'i-iplicral  l)r,Mcliial  \'ciii,  the  sam- 
pling j^itc,  a  pulmonary  aitcry.  0.7  sec.  and  2.3  sec.  rel'ei'  to  the  dead  space 
saniplinii  delays  of  I  lie  ai'tci'ial  needle  plus  tlie  connecting  tuWiiig  i)lus  the  densi- 
tometer volume  and  to  the  \-olunie  of  the  cai'diac  catheter  plus  the  other  de- 

I.  BAS.  PATENT  DUCTUS 
1/20/61 

Left  Axillory  Vein  to  M  PA  (C-6-25)  and  R  FA  (G-8-32) 


A  T.»  4.6-4  sac 


Fig.  9.  Pt  ripiicial  n  i  iuju.'s  dye  injection  with  pulmonary  and  femoral  arterial  sampling. 
The  do\vnstr()l<c  Ijrcak  on  the  former  curve  is  more  evident  and  denotes  the  presence  of  a 
left  to  rifihl  sliunt,  site  undetermined. 

I  BAS   PATENT  DUCTUS 

1/20/61 

Left  Axillary  Vein  to  outflow  RV  (C-4-25)a  R.F.A.«;-8-32) 


A.T=4.l»4sec 


Fin.  10.  Same  jmtient  as  in  Fig.  9.  Tlie  absence  of  a  break  on  the  down.stroke  of  tlie  right 
ventricular  curve  localized  the  shunt  to  distal  to  the  pulmonary  valve. 
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L.  Bra.  Patent  Ductus  Arteriosus 


R.PA.  to  M.PA.(G-6-5-0) 
and  L.FA.(C-4-4-0) 


7/18/62 


R.PA.  to  R.V.(G-6-5-0) 
ondL,F.A,(C-4-4-0) 


L.F.A. 
i    5  Sec. 


7A.T.-6.0-3.4V  / 
'^''''^.T.-5.6-.7Sec. 


Mid-Point 
•  Injection 


5  Sec. 


F.A. 


S 


R.V. 


Va.T.-I3.3-3.4./vv. 

/Sec^ 


AX- 6.1-7  Sec. 


Fig.  11.  CoD.-itant  puluujiiary  artery  injection  site  with  \arial)lc  riiilit  lieart  sani]ilin!i 
site.  The  early  appearance  time  in  the  main  pulmonary  arii  upstream  to  tlic  injection  site, 
together  with  the  normally  delayed  right  ventricular  appearance  timt.'  localizes  the  left  to 
right  shunt  to  distal  to  the  pulmonary  valve. 


L.  Bra.  Patent  Ductus  Arteriosus 


M.PA.  to  M.RA. 


7/18/62 
M.PA.  to  M.PA. 


R.V.  to  R.V. 


5  Sec. 


trqec^on 


Inj. 


5  Sec* 


5  Sec. 


•Mx^3.-4Sec 


\     '  A.T.=3.6  Sec. 


A.T.-IISec. 


Fic.  12.  Same  ]>atient  as  Fi^.  11.  Pulmoiiai>-  aitei>-  injection  and  samjilinn-  sites  during 
ascorhale  in.ieelKtn  i-e\eal  an  eai'l>'  aiipearaiiee  time  in  eonlrast  to  the  jirolonjied  appi'arance 
time  after  right  ventricular  injection.  Diagnosis  \-eritied  at  surgerw 
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E.Lan.    Patent  Ductus  Arteriosus  9/11/63 


L..stal  LP  A.  to  F  A. 


Main  LPA  to  FA, 


rj';i:'i()ii 

1  '\' 


L.J 


3; 


Fig  14  Another  patient  with  patent  ductus  arteriosus  and  shunt  n-versal,  (-uijilo^mg 
ascorbate'as  the  indicator.  The  curve  to  the  left  (injection  into  the  distal  eft  puhnonary 
artery)  is  characterized  by  a  longer  appearance  time  than  after  main  left  pulmonary  artery 
injection.  The  latter  curve  is  also  double-peaked. 


J.  Bla.  I.V  Defect 

6/28/61 

LPA.toR.V.  CC-7-5-0)and  RBA(G-5-40)  L  PA  to  RA  (C-7-5  Q  and  R  B.A.  (G- 5-4-0) 


Fig  15  Localization  of  an  inter\-entricular  septal  defect.  The  injection  site  in  bo  h  curves 
is  the 'left  pulmonary  artery.  The  right  ventricular  appearance  time  is  shortenecl  (l.b  sec  J 
in  contrast  to  the  prolonged  right  atrial  appearance  time  (5.6  sec.)  locahzing  the  lett  to 
right  shunt  to  distal  to  the  tricuspid  valve. 
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D.  Nov.  1.  V  Defect 

6/14/62 


R.V. 


R.A. 


A.T.=  8.5Sec. 


Fk!.  10.  I  sr  111  a>roib:itc  curves  to  detect  uiid  localize  a  left  to  right  .sluuit  at  the  ven- 
tricular level.  Tiie  .-ihunt  is  distal  to  the  tricuspid  valve,  with  an  early  right  ventricular  ap- 
pearance time  ami  a  normal  right  atrial  appearance  time. 

T.  Hill.   I.-V.  Defect  c  Pulmonary  Hypertension 
10/4/60 

R.P.A.  to  R.F.A.  (G-6-32) 


5  sec 


Mid-Point 
Injection 


-vjLvwV  A.T=  3.4-7 sec. 

Fig.  17.  Pulmonary  artery  injection  and  femoral  arterial  sampling  via  indocyanine  green. 
The  up.'itroke  is  normal;  there  is  a  break  on  the  downstroke. 
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hiyiiiu;  \-oluiuc'8  n'si)ectivi'ly.  Both  cui'vcs  are  nonual.  The  normal  eurvey  in 
Figure  7  follow  use  of  ascorbie  acid  and  indocyanine  ^reen  respectively.  The 
latter  is  similar  to  the  curves  in  Figure  6.  The  former  has  an  initial  deflection 
due  to  the  ascorbate  injection;  the  second  deflection,  after  a  delay  of  9.7  sec- 
onds, is  caused  by  total  body  ascorbate  recirculation  in  the  absence  of  a  left 
to  right  shunt.  The  large  spikes  sui)erimposed  on  the  curve  baseline  are  char- 
acteristic of  ascorbate  curves.  A  similar  indicator  dilution  curve  is  shown  to  the 
left  in  Figure  8.  Total  body  ascorbate  recirculation  totals  8  seconds.  To  the 
right,  ascorbate  has  !)ecn  injected  into  the  pulmonary  arteiy  with  femoral 

T,  Hill.   I.-V.  Defect  c  Pulmonary  Hypertension 
10/4/60 

Bodv    R.V.  to  R.FA.  (G-5-30)  R.A.  to  R. F.A.  (G-5-30) 


5  sec. 


Mid- point 
Injection 


5  sec. 


A  1=2.3-7  sec 


A  T  =2  8-7  sec. 


Fig.  18.  Same  patient  as  Fig.  17.  The  right  ventricular  and  atrial  appearance  times  are 
shorter  than  after  pulmonary  artery  injection  and  the  curve  is  double-humped.  This  is 
diagnostic  of  a  right  to  left  shunt  at  the  ventricular  level. 


arterial  detection  via  a  Teflon  coated  platinum  wire  inserted  into  a  18-T 
Cournand  needle.  The  curve  contour  is  very  similar  to  that  of  a  normal  indo- 
cyanine green  curve,  despite  the  presence  of  heniodynamically  insignificant 
congenital  aortic  stenosis  and  insufficiency. 

Detection  and  localization  of  a  left  to  right  shunt  caused  by  a  patent  ductus 
arteriosus  are  shown  in  Figures  9-10,  by  the  constant  injection  site  variable 
sampling  site  techniciue.  Peripheral  venous  indocyanine  green  injection  with 
pulmonary  and  systemic  arterial  sampling  reveals  a  break  on  the  downstroke 
of  both  curves  indicating  a  left  to  right  shunt  at  or  between  the  injection 
and  sam])ling  sites.  However,  sampling  at  the  right  ventricular  site  fails  to 
reveal  a  downstroke  break,  localizing  the  shunt  site  to  the  aorta  and  pulmo- 
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nary  artery,  nither  (luiii  (o  an  iiit  I'acardiac  i^ite.  An  alternative  appi  tiacli  to 
the  diagnosis  of  a  patent  ductus  arteriosus  is  illustrated  in  Figure  11,  again 
emi)loying  the  constant  injection  but  variable  saiui)ling  site  techni(|ue.  Pul- 
monary artery  injection  with  i)ulinonary  artery  sampling  reveals  a  lel'l  to  I'ight 
shunt  at  this  lexd  but  not  the  i-iii;lit  \-entricular  level  as  evidenced  b\-  tlie  2.6 
second  appearance  time  in  the  I'ornier,  but  9.9  sec.  api)earance  time  in  the  right 
ventricle.  Ascorbate  (•ur\('s  may  be  employed  foi-  the  same  ])urpose  (Fig.  12). 
Pulmonary  artery  injection  and  sani])ling  i'e\'eals  an  ap]ieai'ance  time  of  a|)- 

TET.  FALLOT 

J.  Hei.     #1527  3-25-65 


Body  R.V.  to  F.A.  Inf.  R.V.  to  F  A. 


Fig.  19.  Patient  with  a  Tetralogy  of  Fallot  syndrome.  A  right  to  left  shunt  with  indo- 
cyanine  green  is  evident  only  after  injection  into  the  body  (but  not  the  infundibuhun )  of 
the  right  ventricle. 


proximately  3.5  seconds.  On  the  other  hand,  right  ventricular  injection  and 
sampling  reveal  a  much  longer  total  body  recirculation  time  of  11  sec,  localiz- 
ing the  shunt  to  downstream  to  the  pulmonary  valve.  The  data  in  Figure  13 
illustrates  the  use  of  dye  curves  to  localize  a  right  to  left  shunt  in  a  patient 
with  a  patent  ductus  artei-iosus  (surgically  verified)  and  severe  jiulmonary 
hypertension  with  reversal  of  the  shunt.  Dye  injection  in  the  distal  left  pul- 
monary artery  beyond  the  origin  of  the  ductus  produces  normal  appearance 
times  in  both  the  femoral  and  brachial  arteries.  Injection  in  the  main  pulmo- 
nary artery  is  accompanied  by  a  normal  brachial  artery  appearance  time,  but 
an  early  femoral  artery  apitearance  time.  These  data  are  i)athognomonic  of  a 
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E.  Fie.   Tet.  Fallot  2/1/63 


Mam    R.V.  to  B.A. 
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Fig.  20.  Patient  with  Tetralogy 
of  Fallot.  A  double-humped  curve 
(ascorbate)  is  evident  after  right 
ventricular  injection  and  brachial 
arterial  sampling. 


ACYANOTIC  TET. 


J.  Yat.  =1513  3-15-55 


,  L.V.  Injection  ,  L.V.  Injection 

I  '  I  11  I  I  I  I  I  M  I  n  I  I • !  M  M  j  ,  I 


L.V.  Injection 


Mill!  lH.iliiHi'Uig:;:4jst- 


A.T:  4.7 -3.5  sec. 

I  I  i  I  !  f  ^  . 

A.T:  5.7 -0.7  sec. 


Fig.  21.  Acyanotic  Tetralogy  of  Fallot  studied  with  indocyanine  green  dilution  curves 
after  transseptal  left  heart  catheterization,  and  left  ventricular  dye  in.iection.  An  early  ap- 
pearance time  is  present  after  right  ventricular  but  not  right  atrial  .sampling.  Tlio  left  to 
right  shunt  is  thus  localized  to  distal  to  the  tricuspid  valve. 
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patent  ductus  with  shunt  rcwrsal.  Siinihir  curN-cs  ai'c  ohtaiiicd  employing 
ascorbatc  as  the  indicator  (Fig.  14)  in  another  patient  with  a  patent  ductus, 
puhnonary  hypertension  and  shunt  reversal.  The  appearance  time  is  less  from 
the  main  than  from  the  distal  left  pulmonary  artery. 

N.Rud.   I. A.  Defect  10/8/63 


L.A.to  P.A.  a  FA.  L.V.  to  PA.  8  F  A. 


AT.  =  6  0-. 7  Sec.  A.T.=5.4-.7Sec. 

Fig.  22.  Ostium  secundum  atrial  defect.  The  pulmonary  and  femoral  artery  indocyanine 
green  dilution  curves  are  abnormal  after  left  atrial  but  not  left  ventricular  dye  injection, 
thus  localizing  the  left  to  right  shunt  to  upstream  to  the  mitral  valve. 

N.Can.  I.A.  Defect  6-15-61 


1.25  mt  I  25  ml  125  mt 

LPA.toLFA.  (G-6-5-0)  L  A.  to  L.FA  (G-4-4-0)  LVtoLFA  (G-3-3-5) 


Fig.  23.  O.stium  secundum  atrial  defect.  The  pulmonary  artery  and  left  atrial  curves  are 
abnormal;  that  after  left  ventricular  injection  is  normal.  Diagnosis  verified  at  surgery. 
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The  I'oK'  of  indicator  dilution  cuvvt's  in  the  study  of  patients;  with  varied  types 
of  interventricular  septal  defects  will  be  evaluated  next.  The  patient  illus- 
trated in  Figure  15  exhibited  normal  right  heart  pressures.  Pulmonary  artery 
dye  injection  resulted  in  an  early  right  ventricular  but  not  an  early  right  atrial 
appearance  time,  highly  suggestive  of  a  left  to  right  shunt  at  the  ventricular 
level.  Ascorbate  dilution  curves  in  another  subject  with  normal  right  heart 
pressures  and  interventricular  septal  defect  are  shown  in  Figure  16.  After  the 
spike  caused  by  the  ascorbate  injection  itself,  an  early  appearance  time  is  evi- 
dent in  the  right  ventricular  but  not  the  right  atrial  curve,  confirming  a  left  to 

N.Can.  I.A.  Defect  6-15-61 


RPA  to  R  A  (C-8-5-0)and  LFA  (G-66-0)        RPA  to  IVC  (C-8-5-0)ancl  L  FA.  {G-6  6  0) 


Fig.  24.  Same  patient  as  in  Fig.  23.  Constant  pulmonary  artery  injection  site  with  vari- 
able right  heart  samphng  sites.  There  is  an  early  appearance  time  after  right  atrial  but  not 
inferior  vena  cava  sampling. 

right  shunt  at  the  right  ventricular  level.  The  localization  of  a  right  to  left  shunt 
to  the  ventricular  level  is  demonstrated  via  Figures  17-18.  A  double-peaked 
curve  is  present  after  right  ventricular  and  right  atrial  (Fig.  18 1  injection,  but 
not  after  pulmonary  artery  injection  (Fig.  17).  In  patients  with  a  right  to  left 
ventricular  shtmt  with  the  Tetralogy  of  Fallot,  the  shunt  may  be  absent  after 
dye  injection  in  the  right  ventricular  infundibular  chamber,  and  may  appear 
only  after  indocyanine  green  injection  in  the  main  body  of  the  right  ventricle 
(Fig.  19).  Such  right  to  left  ventricular  shunts  are  also  demonstrable  via 
ascorbate  curves  (Fig.  20).  A  typical  double-peaked  curve  is  evident.  Left 
ventricular  indicator  injection  (after  transseptal  left  atrial  puncture)  may  aid 
in  the  localization  of  the  left  to  right  shunt  in  a  patient  with  the  so-called 
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RPA  to  Mid  RA  (C-7-6-0) 
a  LFA  (G-6-6-0) 


Fig.  25.  Ostium  priinum  atrial  defect 
pulmonary  artery  injection)  is  present 
pling. 


RPA. to  SVC  (C-7-6-0) 
a  L  FA  (G-6-6-0) 


AT  =6.5-  7  Sec 


;fied  at  surgery.  An  early  appearance  time  (after 
ir  right  atrial  but  not  superior  vena  cava  sam- 


F.  Cog.  I.A.  Defect  9/18/61 


L  A  to  RPA  (C-7-6-0)  L  A  to  RPA  (C-7-6-0) 

a  LFA  (G-5-5-0)  a  LFA.  (G-6-6-0) 


Fig.  26.  Same  patient  as  in  Fig.  25.  A  left  to  right  shunt  is  evident  after  left  atrial  injec- 
tion of  ascorbic  acid. 
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F.  Cog.  LA.  Defect  9/18/61 


L  V  to  R  P  A  (C-7-6-0) 
a  LFA  (G^4-4-0) 


Rt.Pul  Vein  to  R PA  (C-7-6-0) 
a  L  FA  (G-5-5-0) 


A.T.=5.3-3.4  Sec. 
'A.T.=  4.3-7  Sec. 

Fig.  27.  Same  patient  as  in  Fig.  25.  An  early  pulmonary  artery  appearance  time  after 
left  ventricular  injection  is  evident  (unlike  the  curves  in  Fig.  22).  A  cleft  mitral  valve  with 
mitral  insufficiency  was  noted  at  surgery. 


E.Mar.  Ostium  Secundum  Defect  12-12-60 

I  V.C  to  L.B.A  {G-8-25) 


5  Sec. 


Mid  Point 
Injection 


L-R  Shunt 


Fig.  28.  A  right  to  left  shunt  with  a  doublc-liumped  brachial  artery  curve  is  present  in  a 
patient  with  an  ostium  secundum  defect,  after  inferior  vena  cava  injection. 
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acyanoiir  Tct I'alot^y  of  Fallot.  After  left  vent I'iciilai'  injection,  dye  appears 
eai  ly  in  the  ri^lit  ventricle,  but  not  in  the  i-ight  atrium  (Fig.  21  j. 

Our  attention  will  now  focus  on  the  role  of  the  indicator  dilution  cvu've  in  the 
patient  with  a  left  to  right  shunt  at  the  atrial  level,  in  this  instance,  an  ostium 
secundum  defect.  The  variable  injection  site,  constant  sampling  site  approach 
is  illustrated  in  Figure  22.  Left  atrial  injection  results  in  an  early  pulmonary- 
artery  appearance  time  and  a  deformation  of  the  femoral  artery  curve  down- 
stroke.  On  the  other  hand,  left  ventricular  injection  is  accompanied  by  a  normal 
peripheral  artery  appearance  time  plus  a  late  pulmonary  artery  ajipearance  time. 

R  Ode    Sinus  Venosus  Type  of  I  A  Defect 
10/6/60     Rt   Anomalous   Pulmonary  Vein(s) 


L  PA  to  L  B  A  (G-6-27) 


R.PA  to  L.BA  (G-6-27) 


A.T.  =  6.2-.7sec. 


A.T=  5.2-7  sec 


Fig.  29.  Right  anomaloiLs  pulmonary  venous  connection  and  drainage  with  a  sinus 
venosus  atrial  defect.  The  left  to  right  shunt  is  more  evident  after  right  than  left  puhnonary 
artery  injection.  See  text. 


The  site  of  the  left  to  right  shunt  is  thus  localized  to  the  atrial  level.  Comparison 
of  the  left  pulmonary  artery  and  left  atrium  as  injection  sites  (Fig.  23)  reveals 
how  much  more  clearly  the  break  on  the  downstroke  of  the  systemic  arterial 
curve  is  revealed  when  the  sites  of  injection  and  sampling  are  brought  together 
as  much  as  is  possible.  The  left  ventricular  injection  site  in  this  ostium  secundum 
defect,  however,  produces  a  normal  systemic  arterial  dilution  curve.  One  word 
of  caution  is  in  order,  however;  if  one  injects  in  the  left  ventricle  very  close  to  the 
mitral  valve,  some  of  the  indocyanine  green  may  leak  back  to  the  left  atrium  and 
deform  the  downstroke  of  the  femoral  arterial  curve  even  in  the  absence  of  mitral 
regurgitation  or  an  interventricular  septal  defect.  Correspondingly,  a  left  atrial 
injection  near  the  mitral  valve  in  an  ostium  secundum  defect  may  force  the  bolus 
of  dye  en  masse  directly  into  the  left  ventricle  and  fail  to  deform  the  systemic 
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artci-ial  curve  ni'  piotluci'  an  early  ajipcarance  time  in  the  tiiniultaneously  sam- 
pled pulmonary  artery  site.  Multiple  left  atrial  and  ventricular  injections  are  re- 
quired to  avoid  these  potential  pitfalls.  Localization  of  the  site  of  the  left  to  right 
shunt  (ostium  secundum  defect)  may  also  be  performed  by  the  constant  injection 
and  variable  sampling  site  method  (Fig.  24).  After  pulmonary  artery  injection, 
dye  appears  early  in  the  right  atrium  (3.3  sec),  but  not  in  the  inferior  vena 
cava  (11.0  sec). 

R.Ode.    Sinus  Venosus  Type  of  I. A.  Defect 
10/6/60     Rt   Anomalous  Pulnnonary  Vein(s) 


R.V.  to  L.B.A.  (G-6-35) 


.5sec^ 


Mid-point 
Injection 


A.T.=  7 -.7  sec. 


Fig.  30.  Same  patient  as  in  Fig.  29.  There  is  no  right  to  left  shunt  after  right  ventricular 
injection. 


Somewhat  different  results  may  be  anticipated  in  an  ostium  primum  defect 
(Fig.  25-27).  Pulmonary  artery  injection  demonstrates  an  early  appearance 
time  in  the  right  atrium,  but  not  superior  vena  cava  (Fig.  25j.  Left  atrial  in- 
jection (Fig.  26)  illustrates  an  early  appearance  time  in  the  pulmonary  artery 
plus  a  marked  deformation  of  the  femoral  arterial  curve.  The  latter  has  a 
double-peaked  appearance  suggestive  of  a  right  to  left  shunt.  However,  the 
first  peak  is  due  to  dye  circulating  along  a  normal  pathway;  the  second  peak, 
although  larger  than  the  first  (left  side  of  figure)  represents  the  left  to  right 
shunted  dye.  Left  ventricular  injection  (Fig.  27)  shows  an  early  pulmonary 
artery  appearance  time  due  either  to  mitral  regurgitation  or  an  additional  de- 
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feet  at  the  ventriculai-  level.  A  cleft  mitral  valve  with  mitral  regurgitation  was 
noted  at  surgery. 

Right  to  left  shunts  are  not  infrequently  present  in  patients  with  ostium 
secundum  interatrial  sei)tal  defects  even  in  the  absence  of  pulmonary  hyper- 
tension. These  shunts  are  especially  evident  after  inferior  vena  cava  dye  injec- 
tion (Fig.  28)  and  rarely  seen  after  superior  vena  cava  injection.  There  is 
another  variety  of  interarterial  defect  which  is  associated  with  right  pulmonary 
anomalous  venous  drainage,  usually  at  the  junction  of  the  I'ight  atrium  and 

R.Ode.    Sinus  Venosus  Type  of  I  A.  Defect 
10/6/60     Rt   Anomalous   Pulmonary  Vein(s) 

I.V.C.  to  L.B.A.  (G-6-42)  (2"i  R.A.) 


A  T  =  4.8-7  sec. 


Fig.  31.  Same  patient  as  in  Fig.  29.  A  small  right  to  left  shunt  is  evident  after  inferior 
vena  cava  indocyanine  green  injection. 

superior  vena  cava.  This  is  the  so-called  sinus  venosus  defect.  The  left  to  right 
shunt  (which  even  in  the  ostium  secundum  defect  is  preferentially  from  the 
right  lung)  is  much  greater  from  the  right  than  from  the  left  lung  (Fig.  29). 
The  right  ventricular  injection  site  (Fig.  30)  fails  to  reveal  a  right  to  left  shunt 
unlike  the  inferior  vena  cava  injection  site  (Fig.  31 1.  However,  unlike  the  data 
in  the  ostium  secundum  defect,  right  atrial  (Fig.  32)  and  especially  .superior 
vena  cava  injection  sites  (Fig.  33)  reveal  an  obvious  right  to  left  shunt  even 
more  evident  than  after  inferior  vena  cava  injection.  A  sinus  veno.sus  defect 
may  be  anticipated  under  these  circumstances. 

Anomalous  pulmonary  venous  connection  and  drainage  may  be  present  with- 
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(Hit  an  iutci'at rial  septal  ik't'ect.  Such  drainage  may  occur  from  cither  the  right 
or  the  left  lung.  Left  i)ulmonary  anomalous  drainage  is  illustrated  in  Figure 
34.  The  indicator  dilution  curves  after  right  pulmonary  artery  injection  are 
noi'inal;  those  after  left  pulmonary  artery  injection  reveal  an  early  right  atrial 
appearance  time.  The  actual  site  of  drainage  was  into  the  left  innominate  vein 
as  evidenced  by  multiple  indicator  curves.  Right  pulmonary  anomalous  venous 
drainage  without  an  atrial  defect  is  illustrated  in  Figures  35-39.  Right  pulmo- 
nary artei'v  injection  (Fig.  35)  reveals  an  (>arly  I'ight  atrial  appearance  time. 

R.Ode.    Sinus  venosus  Type  of  I  A.  Defect 
10/6/60     Rt   Anomalous   Pulmonary  Vein(s) 

Low  R.A  to  L  B. A.  (G-6-42) 


.  5  sec 


Fig.  32.  Same  patient  as  in  Fig.  29.  A  right  to  left  shunt  is  noted  after  right  atrial  injec- 
tion. 

Movement  of  the  second  samjiling  catheter  to  the  inferior  vena  cava,  4"  below 
the  diaphragm,  revealed  a  normally  delayed  appearance  time.  At  angiography, 
the  right  lower  lobe  i)ulmonary  vein  was  noted  to  drain  into  the  inferior  vena 
cava  about  l'/2"  below  the  diaphragm.  The  chest  film  (Fig.  35A)  shows  the 
anomalous  pulmonary  vein  descending  along  the  right  border  of  the  heart  to 
pass  through  the  diaphragm.  Left  pulmonary  artery  injection  (Figs.  36-37)  in 
the  same  patient  revealed  a  normal  femoral  arterial  curve  and  normally  de- 
layed right  heart  appearance  times.  Ascorbate  dilution  curves  with  pulmonary 
artery  injection  and  sampling  (Fig.  38)  demonstrate  an  early  appearance  time 
via  the  right,  but  not  the  left,  pulmonary  artery.  Injection  of  ascorbate  acid 
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R.Ode.  Sinus  Venosus  Type  of  I  A.  Defect 
10/6/60     Rt  Anomalous  Pulmonary  Vem(s) 


S.V.C.  to  L  B.A  {G-6-42KM/2"tR  A.)        S  VC.  to  LB  A    (G-6-42){3  I/2"T  R.A. ) 


AT.  =  4.8- 7  sec. 


Fig.  33.  Same  patient  a.s  in  Fig.  29.  The  right  to  left  shunt  is  best  noted  after  superior  vena 
cava  injection.  See  text. 


F.Mit.    L.  Anom.  Pul.  Vein 


7/27/63 


R.PA  to  FA  and  R  A.  L  PA  to  FA  and  R  A. 


Fig.  34.  Left  anomalous  pulmonary  venous  connection  and  drainage  to  the  left  innomi- 
nate vein  without  an  interatrial  septal  defect,  verified  by  angiography  and  transseptal  left 
heart  catheterization.  A  left  to  right  shunt  is  evident  after  left  but  not  right  pulmonary 
artery  injection  sites. 


RT.  ANOM.  PUL.  VEIN 


T.  Mat.  7-5-63 


R.P.A.  to  F  A.  and  R.A 


R.P.A.  to  F.A.  and  I.V.C.  14"  Dia.l 


Fig.  35.  Right  anomalous  pulmonary  venous  connection  and  drainage  verified  by 
angiography.  After  pulmonary  artery  injection  an  early  right  heart  appearance  time  is 
evident  in  the  right  atrium  but  not  in  the  inferior  vena  cava  4"  below  the  diaphragm. 


Fig.  35A.  Chest  film  .shuvving  anomalous  pulmonary  vein  descending  along  right  cardiac 
border. 
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into  citlicr  i)iiliium;iiy  artery  with  systcinic  artci'ial  saini)ling  (Fi<^.  39)  reveals 
a  normal  curve  after  left  pulmonary  arterial  injection,  but  a  large  left  to  right 
shunt  aftci-  i-itiiit  pulmonai'v  artery  injection.  As  mentioned  earlier,  the  first 

T.Mat.  Anom.  Pul.  Vein 

7/6/63 


L.P.A.  to  R.A.  and  F.A. 


Fig.  36.  Same  patient  as  in  Fig. 
35.  Left  pulmonary  artery  injection 
is  associated  with  normal  right 
atrial  and  femoral  artery  indo- 
cyanine  green  curve. 


L 


f:a. 


F.(\. 


lASec 


Fig.  37.  Same  patient  as  in  Fig. 
35.  Left  pulmonary  ai'tery  dye  in- 
jection results  in  normal  curves. 


T.  Mat.  Anomalous  Pul.  Vein 


10/19/62 
L.PA.  to  L.F.A.  and  R.V. 


"7^.1=  6.4- .7  Sec 


peak  in  the  latter  curve  is  caused  by  the  ascorbate  following  a  normal  circula- 
tory pathway;  the  second  peak  is  caused  by  the  large  left  to  right  shunt. 

These  same  principles  may  also  be  applied  to  the  detection  and  localization 
of  acquired  shunts  such  as  an  acquired  systemic  arterio-venous  traumatic 
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T  Mat.  Anomalous  Pul.  Vein 


10/19/62 

R.PA.  to  R.PA.  L.PA.  to  L.RA. 


Fig.  38.  Same  patient  as  in  Fig.  35.  Ascorbate  right  and  left  i)ulmonar\-  arterv  cun-es 
reveal  an  early  appearance  time  and  therefore  a  left  to  right  .shunt  after  right  but"  not  left 
pulmonary  artery  injection. 


T.  Mot  Anomalous  Pul.  Vein 


10/19/62 

L.RA.  to  L.F.A.  R.RA.  to  L.FA. 


Fig.  39.  Ascorbate  pulmonary  artery  in.jection  with  systemic  arterial  sampling  reveals 
left  to  right  shunt  only  after  right  pulmonary  artery  injection. 
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J.  Pow.  Systemic  a-v  fistula 
patent 


R.PA.  to  R.A.  (C-6-6-0)  and   L.FA   (G-6-6-0)     1.25  ml. 


Fig.  40.  Traumatic  acquired  systemic  arterio-venous  fistula.  See  text  for  details. 

J.  Pow.  Systemic  a-v  fistula 
occluded 

R.PA.  to  R  A.  (C-6-6-0)  and  L.FA.  (G-6-6-0)    125  ml. 


Fig.  41.  Same  patient  as  in  Fig.  40.  Manual  compression  of  the  fistula  eliminates  the  left 
to  right  shunt  and  the  evidence  of  the  early  right  atrial  dye  appearance  time. 


no 


PHILIP  SAMET  AND  WILLIAM  H.  BERNSTEIN 


fistula  (Figs.  40-41).  The  site  of  the  shunt  was  the  left  external  carotid  artery 
to  the  left  internal  jugular  vein ;  the  etiology  was  a  knife  stab  wound.  Pulmonary 
artery  injection  reveals  an  early  right  atrial  appearance  time  with  an  early  re- 
circulation pattern  in  the  femoral  arterial  curve.  Manual  compression  of  the 
fistula  (Fig.  41)  abolished  these  abnormalities.  The  curves  after  surgical  cor- 
rection of  the  lesion  were  similar  to  the  occlusion  dilution  curves. 

Valvular  regurgitation  may  also  be  detected  by  similar  techniques.  Left 
ventricular  indocyanine  green  injection  in  a  patient  with  mitral  regurgitation 
results  in  an  earlier  left  atrial  than  femoral  artery  appearance  time  (Fig.  42). 


-"-  I  A.J:  3.9-3.6  sec/ 

'  -  -  '  ■  '"^A.T:  7.2-1.1  sec 

Fig.  42.  Mitral  regurgitation.  Left  ventricular  indocyanine  green  injection  with  left 
atrial  sampling.  The  left  atrial  appearance  time  is  virtually  immediate. 

Similarly,  pulmonary  artery  injection  in  pulmonary  valvular  regurgitation 
(Fig.  43)  causes  an  earlier  appearance  time  in  the  right  ventricular  outflow 
tract  than  in  the  brachial  artery  curve. 

The  dilution  techniques  employing  indicators  that  may  be  concentration 
calibrated  in  the  patient's  blood  permit  calculation  of  total  cardiac  output  and 
segmental  blood  volumes.  Indeed  these  constituted  the  earliest  applications  of 
the  indicator  dilution  techniques  (1,  2).  Numerous  studies  have  attested  to  the 
value  of  the  indicator  dilution  approach  for  the  determination  of  cardiac  out- 
put and  segmental  blood  volumes  and  several  groups  have  compared  the  direct 
Fick  and  indicator  dilution  cardiac  output  methods  in  the  same  subjects  (15- 
19).  Right  atrial  or  sujicrior  vena  cava  dye  injection  combined  with  sampling 


MITRAL  REGURGITATION 


S.  Pit.  5-7-65  #1572 


L.V.  Injection 
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from  l)otli  the  pulmonary  and  systemic  arterial  systems  has  permitted  detei'- 
mination  of  right  and  left  ventricular  outputs  (20).  The  repi'oducihility  of  the 
indocyanine  green  cardiac  output  technique  is  at  least  as  good  as  that  of  the 
direct  Fick  method  (21).  A  recent  study  by  Rahimtoola  and  Swan  (22)  has 
raised  a  question  as  to  the  validity  of  the  indicator  dilution  cardiac  output 
method  in  the  presence  of  mitral  regurgitation  if  the  indicator  is  injected  up- 
stream to  the  ascending  aorta.  A  study  of  over  500  patients  in  our  laboratory 
with  concurrently  determined  pulmonary  and  systemic  arterial  dye  dilution 
curves  (23)  suggests  strongly  that  the  doubts  raised  by  Swan's  study  are  of 
little  concern  as  long  as  a  valid  semi-log  extrapolation  of  the  downstroke  of  the 

D  War   Valvular  PS  4yrs.  post-op  .  post-op  pul  insuff  12-1-60 


R.P.A,  to  R  V.  (C-8-30)  and  L  B  A  (G-5-25)  ( f  =  V  by  wedge 


AT.=  6  3-.3  Sec. 


Fig.  43.  Pulmonary  valvular  regurgitation.  Pulmonary  artery  indocyanine  green  mjection 
with  right  A  entricular  sampling.  The  dye  appears  early  m  the  right  ventricle  m  the  absence 
of  a  left  to  right  shunt. 

arterial  dilution  curve  is  possible.  When  such  an  extrapolation  may  not  be  done 
with  validity,  one  may  employ  the  pulmonary  arterial  curve  for  calculation  of 
cardiac  output  if  the  indicator  is  injected  upstream  to  the  tricuspid  valve. 
Radioactive  krypton  may  also  be  advantageously  utilized  for  right  ventricular 
output  determination  in  patients  with  mitral  regurgitation  (24).  The  recent 
development  of  cardiac  output  dye  dilution  computers  promises  to  shorten  the 
time  required  for  these  determinations. 

SUMMARY 

Some  of  the  various  applications  of  indicator  dilution  methods  are  outlined. 
Stress  has  been  placed  upon  the  role  of  indicators  in  the  determination  and 
localization  of  right  to  left  and  left  to  right  cardiac  shunts.  Other  uses  of  this 
technique  have  been  mentioned  briefly. 


62 


PHILIP  SAMET  AND  WILLIAM  H.  BERNSTEIN 


REFERENCES 

1.  Hamilton,  W.  F.,  Moore,  J.  W.,  Kinsman,  J.  M.,  and  Spurling,  R.  G.:  Simultaneous 

Determination  of  Pulmonary  and  Systemic  Circulation  Times  in  Man  and  of  a 
Figure  Related  to  the  Cardiac  Output.  Am.  J.  Physiol.,  84:  338,  1928. 

2.  Stewart.  G.  N.:  Researches  on  the  Circulation  Time  and  on  the  Influences  Which 

Affect  It.  IV.  The  Output  of  the  Heart.  Am.  J.  Physiol.,  22 :  159,  1897. 

3.  Swan,  H.  J.  C:  Indicator  Dilution  Methods  in  the  Diagnosis  of  Congenital  Heart  Dis- 

ease. Prog.  Cardiovasc.  Dis.  2:  143,  1959. 

4.  Wood,  E.  H.,  Swan,  H.  J.  C,  and  Helmholz,  H.  F.,  Jr.:  Recording  and  Basic  Patterns 

of  Dilution  Curves:  Normal  and  Abnormal.  Proc.  Staff  Meet.  Mayo  Clin.,  32: 
464,  1957. 

5.  Hetzel,  P.  S.,  Swan,  H.  J.  C,  and  Wood,  E.  H.:  The  Applications  of  Indicator  Dilution 

Curves  in  Cardiac  Catheterization.  In:  Intravascular  Catheterization.,  p.  539, 
ed.,  Zimmerman,  H.  A.  Springfield:  Charles  C.  Thomas  1959. 

6.  Wood,  E.  H.,  Swan,  H.  J.  C,  and  Marshall,  H.  W. :  Technic  and  Diagnostic  Apphcations 

of  Dilution  Curves  Recorded  Simultaneously  from  the  Right  Side  of  the  Heart 
and  from  the  Arterial  Circulation.  Proc.  Staff.  Meet.  Mayo  Clin.,  33:  536,  1958. 

7.  Braunwald,  E.,  and  Morrow,  A.  G.:  Newer  Diagnostic  Techniques  in  Congenital  Heart 

Disease.  Advances  Int.  Med.,  10 :  41, 1960. 

8.  Braunwald,  E.,  Tanenbaum,  H.  L.,  and  Morrow,  A.  G.:  Localization  of  Left  to  Right 

Cardiac  Shunts  by  Dye  Dilution  Curves  Following  Injection  into  the  Left  Side 
of  the  Heart  and  into  the  Aorta.  Am.  J.  Med.,  24:  203,  1958. 

9.  Braunwald,  E.,  Pfaff,  W.  W.,  Long,  R.  T.  L.,  and  Morrow,  A.  G.:  A  Simplified  Indicator 

Dilution  Technique  for  the  Localization  of  Left  to  Right  Circulatory  Shunts. 
Experimental  and  Clinical  Study  of  Intravenous  Injection  with  Right  Heart 
Sampling.  Circulation,  20:  875, 1959. 

10.  Frommer,  P.  L.,  Pfaff,  W.  W.,  and  Braunwald,  E.:  The  Use  of  Ascorbate  Dilution  Curves 

in  Cardiovascular  Diagno.sis.  Applications  of  a  Technique  for  Direct  Intravascular 
Detection  of  Indicator.  Circulation,  24:  1227,  1961. 

11.  Samet,  P.,  Bernstein,  W.  H.,  Kramer,  C,  and  Silverman,  L.:  Indicator  Dilution  Curves  in 

Congenital  Cardiac  Lesions  Involving  the  Ventricles  and  Great  Vessels.  Am.  J. 
Cardiol.,  10:  83, 1962. 

12.  Samet,  P.,  Bernstein,  W.  H.,  Silverman,  L.,  and  Kramer,  C:  Indicator  Dilution  Curves 

in  Atrial  Septal  Defect.  Brit.  Heart  J.,  25 :  191, 1963. 

13.  Samet,  P.,  Bernstein,  W.  H.,  Jacobs,  W.,  and  Fomon,  J.:  Indicator  Dilution  Curves  in 

Systemic  Artcrio-venous  Fistulas.  Am.  J.  Cardiol.,  13:  176,  1964. 

14.  Samet,  P.,  Bernstein,  W.  H.,  and  Medow,  A.:  Ascorbic  Acid  Indicator  Dilution  Curves. 

Southern  Med.  J.,  57 :  536, 1964. 

15.  Hamilton,  W.  F.,  Riley,  R.  L.,  Attyah,  A.  M.,  Cournand,  A.,  Fowell,  D.  M.,  Himmelstein, 

A.,  Noble,  R.  P.,  Remington,  J.  W.,  Richards,  D.  W.,  Jr.,  Wheeler,  N.,  and 
Witham,  A.  C:  Comparison  of  Fick  and  Dye  Injection  Methods  of  Measuring 
Cardiac  Output  in  Man.  Am.  J.  Physiol.,  153:  309,  1948. 

16.  Werko,  L.,  Lagerlog,  H.,  Buch,  H.,  Wehle,  B.,  and  Holmgren,  A.:  Comparison  of  the 

Fick  and  Hamilton  Methods  of  the  Determination  of  Cardiac  Output  in  Man. 
Scandinav.  J.  Clm.  &  Lab.  Invest.  1 :  109,  1949. 

17.  Milnor,  W.  R.,  Jose,  A.  D.,  and  McGaff,  C.  J.:  Pulmonary  Vascular  Volume,  Resistance 

and  Compliance  in  Man.  Circulation,  22:  30,  1960. 

18.  Dock,  D.  S.,  Kraus,  W.  L.,  McGuire,  L.  B.,  Hyland,  J.  W.,  Kraus,  F.  W.,  and  Dexter,  L.: 

The  Pulmonary  Blood  Volume  in  Man.  J.  Clin.  Invest.,  40:  317,  1961. 

19.  Oakley,  C,  Ghck,  G.,  Luria,  M.  N.,  Schreiner,  B.  F.,  Jr.,  and  Yu,  P.  N.:  Some  Regulatory 

Mechanisms  of  the  Human  Pulmonary  Va.scular  Bed.  Circulation,  26:  917,  1962. 

20.  Fntts,  H.  W.,  Jr.,  Harris,  P.,  Chidsey,  C.  A.,  Ill,  Clauss,  R.  H.,  and  Cournand,  A.: 

Validation  of  a  Method  for  Measuring  the  Output  of  the  Right  Ventricle  in  Man 


INDICATOR  DILUTION  CURVES  IN  CARDIOVASCULAR  STUDIES  ()'.', 

by  Inscription  of  Dyo-diliil ion  Ciir\'(\s  from  Uic  Pulmonary  Artery.  J.  Appli<  il 
Piiy.siol.,  11 :  362,  1957. 

21.  Samel,  P.,  and  BernsU  in,  W.  IL:  Unimlilislied  Data. 

22.  Raliimtoola,  S.  H.,  and  Swan,  H.  .J.  C:  Calcidation  of  Cardiac  Output  from  Indicator- 

dilution  curves  in  the  Presence  of  Mitral  Regurgitation.  Circulation,  31:  711,  1965. 

23.  Samet,  P.,  and  Bernstein,  W.  H.:  In  press  (Circulation). 

24.  Cornell,  W.  P.,  Braunwald,  E.  and  Brockenbrough,  E.  C:  Use  of  Krypton^'^  for  the 

Mea.surement  of  Car(hac  Outjuit  by  the  SingIe-in.j(;ction  Indicator-dilution  Tech- 
ni(iue.  Circulation,  9:  984, 1961. 


Acute  Iron  Poisoniiijj; 


Clinical  and  Laboratory  Observations  with  Deferoxamine* 

N.  R.  GEMRTZ,  M.D.,  and  A.  R.  RAUSEN,  M.D. 
New  York,  N.Y'. 

Acute  iron  poisoning  in  children  usually  occurs  from  accidental  ingestion  of 
medicinal  iron  and  is  associated  with  a  high  mortality  if  therapy  is  not  insti- 
tuted rapidly  (1-3).  Deferoxamine  therapy  seems  to  be  highly  specific  for  this 
acute  intoxication  and  fatal  reactions  may  be  expected  to  decrease  with  early 
treatment.  This  paper  presents  an  example  of  successful  deferoxamine  therapy 
for  iron  intoxication.  Laboratory  studies  performed  add  to  the  understanding 
of  the  mechanism  of  action  of  deferoxamine. 

MATERIALS  AND  METHODS 

The  methods  for  serum  iron  (4),  unsaturated  iron  binding  capacity  (4)  and 
urinary  iron  (5)  have  been  described  previously.  Other  laboratory  tests  w^ere 
performed  by  standaixl  accepted  methods.  Defcroxaminef  w^as  dissolved  in 
saline  for  parenteral  administration  and  in  water  for  gastric  instillation. 

CA.SE  HISTORY 

J.  W.  (C.H.C.E.  j^242749),  an  18-month-old  27  pound  male,  was  noted  to 
vomit  green  fluid  containing  partially  dissolved  tablets  just  before  noon  on 
February  25,  1965.  His  mother  then  discovered  that  her  box  of  ferrous  sulfate 
pills  (coated  tablets  of  0.2  grams  each)  was  empty,  and  she  was  unable  to 
account  for  18  to  30  tablets  (presumably  this  represents  the  amount  ingested). 
Upon  advice  of  her  physician  she  gave  her  son  milk  which  he  promptly  vom- 
ited. This  contained  additional  remnants  of  iron  tablets.  The  child  was 
brought  to  the  hospital  and  on  admission  (about  3:30  p.m.)  was  alert,  active 
and  in  no  distress  with  normal  vital  signs  (B.P.  90/50,  pulse  110/min,  respira- 
tions 28/min).  No  abnormalities  were  noted  on  physical  examination.  Blood 
was  obtained  for  laboratory  studies  (Table  I)  and  intravenous  therapy  was 
initiated  with  a  solution  containing  1  part  M/6  sodium  lactate,  2  parts  isotonic 
saline  and  3  parts  5%  glucose  in  water.  At  4:00  p.m.  he  suddenly  became 
lethargic  and  had  unequal  pupils  that  did  not  respond  to  light.  Respiratory 

From  the  Departments  of  Hematology  and  Pediatric.?,  City  Hospital  Center  at  Elm- 
hurst,  and  the  Department  of  Hematology,  The  Mount  Sinai  Hospital,  New  York,  N.Y. 

Aided  in  part  by  USPHS  Grant  AM  01063,  The  National  Institute  of  Arthritis  and 
Metabolic  Diseases,  and  by  the  Albert  A.  List,  Frederick  Machlin  and  Anna  Ruth  Lowen- 
berg  Research  Funds. 

*  N.R.G.  Department  of  Hematology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
10029. 

t  Deferoxamine  kindly  supplied  as  Desferal-mct  hane-sulfonato  by  Drs.  E.  A.  Jack  and 
W.  F.  Westlin  of  CIBA  Pharmaceutical  Co.,  Summit,  New  Jersey. 
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distress  witli  s^^^'Ping  respirations  was  noted.  Blood  pressure  and  pulse  I'cmained 
normal.  Therapy  with  deferoxamine  was  instituted,  viz.,  1.0  Gra  was  given  intra- 
venously, 1.6  Gm  subcutaneously  and  5.0  Gm  in  40  ml  water  intragastrically 
via  a  nasogastric  tube.  One  half  of  the  intravenous  dose  was  given  in  a  thirty 
minute  period  and  the  remaining  0.5  Gm  within  the  next  hour.  The  gastric 
contents,  aspirated  immediately  prior  to  installation  of  deferoxamine,  were 
slightly  blood  tinged  but  otherwise  appeared  normal.  Within  thirty  minutes 
after  therapy  was  initiated  the  child  became  alert,  with  normal  respirations  and 
eye  signs.  During  the  infusion  of  deferoxamine,  blood  pressure  and  pulse  re- 
mained normal.  Later  that  evening  a  transient  fever  of  101°  F.  occurred,  and 
penicillin  therapy  was  instituted  when  coarse  breath  sounds  were  heard.  The 

TABLE  I 


Peripheral  Blood  Studies 


Time 

Fe 

(,ig/100ml) 

TIBC 
(Mg/lOOml) 

Hgb  (gm/ 
100  ml) 

Hct. 

(%) 

Retics 

(%) 

CO2 

(mEq/1) 

CI 
(mEq/1 

Na 
(mEq/1) 

K 

(mEq/1) 

BUN  (mg/ 
100  ml) 

2/25/65 
4:00  PM 
6:15  PM 
10:15  PM 

800 
298 
102 

8.3 
8.6 

29 
29 

21 

14 

101 

115 

139 
151 

3.8 
4.8 

20 

19 

2/26/65 
3:00  AM 
9:00  PM 
3:00  PM 

46 
100 
90 

516 
565 

7.0 
7.9 

27 

27.5 

2.1 

3/1/65 

8.4 

28 

7.8 

3/2/65 

4.1 

child  improved  rapidly,  and  was  discharged  on  the  sixth  hospital  day  when  the 
lesions  of  chickenpox  appeared. 

Laboratory  Studies  (Table  I) 

The  child  had  a  microcytic,  hypochromic  anemia  (MCV  68  c/x,  MCHC  29%, 
MCH  19  /xyugm)  and  the  peripheral  smear  revealed  microcytic,  hypochromic  red 
cells.  Bone  marrow  aspiration  performed  twenty-four  hours  after  admission  dem- 
onstrated a  myeloid-erythroid  ratio  of  1:1,  nucleated  red  cell  precursors  with 
ragged  cytoplasmic  borders,  and  absence  of  iron  by  Prussian  blue  staining.  An 
absolute  reticulocytosis  was  present  on  the  fifth  and  sixth  hospital  days.  Blood 
chemistries  showed  evidence  of  increasing  sodium  and  chloride  concentration 
and  decreasing  carbon  dioxide  combining  jiower  compatible  with  hypernatremic 
dehydration  and  a  metabolic  acidosis.  The  initial  serum  iron  concentration  which 
was  elevated  to  800  ;tAg/100  ml,  rapidly  decreased  after  deferoxamine  therapy. 
Admission  urinalysis  was  normal  except  for  a  trace  of  protein.  Total  urinary 
excretion  of  iron,  for  the  two  day  period  after  therapy,  was  1.6  mg.  This  rep- 
resents a  minimal  value  because  urine  collections  were  incomplete. 
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Special  Studies  oj  Serum  Iron  and  Iron  Binding  Capacity  {Table  II) 

The  ra]n(i  decrease  of  serum  iron  concentration  witliin  one  hour  after  in- 
stitution of  tlierapy  posed  the  question  of  the  adequacy  of  analytic  methods 
for  serum  iron  in  the  presence  of  deferoxamine.  In  vitro  studies  clearly  demon- 
strate that  deferoxamine  will  competitively  chelate  plasma  bound  iron.  Such 
deferoxamine  bound  iron  is  undetectable  by  the  Schade  (4)  analytic  procedure. 
Upon  addition  of  a  strong  reducing  agent,  such  as  2  mg  NaoSo04  per  ml  of 
plasma  (after  incubation  with  the  Schade  reagents)  this  iron  can  be  detected. 
Deferoxamine  boimd  iron  in  aqueous  solution  however,  is  readily  detected  by 
the  Schade  method  (41  without  addition  of  any  Na2S204  , 

Deferoxamine  in  plasma  and  in  aqueous  solution  behaves,  in  the  chemical 
analysis,  as  unsaturated  iron  binding  capacity  (UIBC).  The  UIBC  given  for 


TABLE  II 


Plasma,  Control 

Plasma  with  Df' 

Plasma  with  XasSsOi 

Plasma  with 
Df*  and  Xa2S204 

76/152 

40/576" 

78/ 

77/<- 

85/ 

36/* 

90/ 

95/* 

94/185 

8/608-^ 

192/113 

13/609"^ 

Iron  (numerators)  and  unsaturated  iron  binding  capacities  (UIBC)  (demoninators)  in 
/ig/100  ml  of  plasma.  There  is  an  apparent  decrease  in  serum  iron  concentration  and  an 
apparent  increase  in  UIBC  when  deferoxamine  is  added  to  plasma.  When  Na2S204  is  added 
to  the  analytic  procedure  (see  text)  the  true  serum  iron  is  meastired.  An  aqueous  solution 
of  0.05  mg.  deferoxamine  per  ml  of  water  gave  a  0/438  result  (theoretical  0/425),  and  an 
aqueous  solution  of  ferrioxamine  a  225/552  result  (theoretical  233/^600). 

"  0.05  mg  Df/ml  plasma. 

*0.2  mg  Df/ml  plasma. 

^2.0  mg  Df/ml  plasma. 
Df  =  deferoxamine. 

deferoxamine  (Table  ID  represents  the  upper  limit  that  can  be  assayed,  by 
this  system  (600  /xg/100  ml). 

DISCUSSION 

The  signs  and  symptoms  of  acute  iron  intoxication  shown  by  this  child  in- 
cluded vomiting,  respiratory  distress,  ocular  changes,  metabolic  acidosis,  and 
a  pathologically  elevated  serum  iron  concentration.  The  respiratory  and  ocular 
signs  were  probably  central  nervous  .system  in  origin,  associated  with  intra- 
cellular acidosis  and  enzyme  inhibition  (6)  by  the  iron.  The  hyperchloremia 
and  decreasing  carbon  dioxide  combining  power  were  controlled  by  fluid 
therapy  and  posed  no  obvious  problem. 

The  child  had  iron  deficiency  anemia  with  microcytic,  hypochromic  red  cells 
and  marrow  normoblast  abnormalities.  The  iron  deficiency  afforded  a  modicum 
of  protection  against  iron  intoxication,  but  when  challenged  by  an  ingested 
dose  of  1.26  to  2.10  Gm  of  iron,  the  "defense"  of  the  preexisting  hypoferremia 
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was  rapidly  overwht'lnicd  and  toxic  syinptomatoioi^y  developed.  It  is  of  in- 
terest that  a  retic'ulooytosis  ensued  |'r;d)le  I  I,  a  dul)ious  benefit  of  this  intoxica- 
tion. 

Defei'oxaniine  has  been  used  successfully  for  the  treatment  of  acute  iron 
toxicity  (7,  8).  Our  patient  and  another  reported  case  (7)  showed  significant 
improvement  within  minutes  after  intravenous  administration  of  deferoxamine. 
The  explanation  for  the  rapid  improvement  undoubtedly  is  related  to  defcrox- 
amine's  high  stability  constant  for  iron,  10'"*^  (9) ,  and  to  its  rapid  in  vivo 
distrilKition.  Studies  by  Keberle  (9)  suggest  that  deferoxamine  diffuses  rapidly 
into  the  intracellular  as  well  as  the  extracellular  space.  This  rapid  diffusion 
permits  widespread  chelation  of  ionic  iron  (ferrous  and  ferric)  l9l,  resulting  in 
rapid  detoxification. 

The  decrease  in  serum  iron  concentration  from  800  to  298  />ig/100  ml  (Table 
I)  in  less  than  IV2  hours  after  beginning  deferoxamine  therapy  is  at  least 
partially  factitious.  The  explanation  for  this  is  evident  from  the  in  vitro  stud- 
ies. These  experiments  (Table  IT)  demonstrate  that  when  deferoxamine  is  added 
to  plasma,  a  significant  fraction  of  the  serum  iron  is  not  detected  by  the  Schade 
(4)  method.  Deferoxamine  has  a  higher  stability  constant  for  ferric  iron  than 
does  transferrin  (9)  and,  therefore,  can  chelate  iron  that  is  bound  to  trans- 
ferrin. In  plasma,  an  oxidizing  system  for  ferrous  cation,  the  Schade  reagents 
(4)  cannot  reduce  the  ferric  cation  in  ferrioxamine  to  ferrous  cation.  Ferric 
iron  cannot  combine  with  the  Schade  (4)  chromogen  to  give  the  color  needed 
for  analysis.  A  strong  reducing  agent  in  adequate  concentration,  2  mg.  NaoS204 
per  ml  of  plasma,  is  needed  for  this  reduction  to  ensure  detection  of  all  iron 
present  in  the  plasma.  In  aqueous  systems,  however,  the  Schade  reagents  (4) 
have  sufficient  reducing  activity  to  permit  detection  of  the  ferrioxamine  iron 
(Table  II).  Sufficient  plasma  from  the  patient  was  not  available  to  repeat  the 
analysis  with  the  addition  of  NaoSoO^  .  Studies  on  other  patients  who  were 
given  deferoxamine,  however,  have  confirmed  this  interpretation  (10). 

Serum  iron  determinations  by  the  Ramsey  method  (11)  are  also  spuriously 
low  if  the  plasma  contains  deferoxamine  (10),  and  as  with  the  Schade  tech- 
nique (4)  the  addition  of  Na2S204  permits  valid  detection  of  all  iron  in  the 
serum. 

Observations  in  this  patient  suggest  that  circulating  deferoxamine-bound- 
iron  is  less  toxic  than  "free"  (i.e.,  non-transferrin  bound)  iron.  They  also  sug- 
gest that  the  Schade  (4)  or  Ramsey  (11)  methods  of  measuring  plasma  iron 
may  reflect  clinically  toxic  levels  better  than  the  "true"  total  plasma  iron  level 
determined  after  Na2S204  treatment  of  plasma  during  deferoxamine  therapy. 

SUMMARY 

1.  A  child  with  acute  iron  toxicity,  due  to  the  ingestion  of  1.26  to  2.10  Gm 
of  iron  as  ferrous  sulfate,  had  a  rapid  and  favorable  response  to  deferoxamine 
therapy.  The  rapidity  of  the  response  can  be  explained  by  deferoxamine's  high 
stability  constant  for  iron,  by  the  rapid  in  vivo  distribution  of  deferoxamine, 
and  by  low  toxicity  of  iron  which  is  bound  to  deferoxamine. 


68 


X.  R.  GKVIRTZ  AND  A.  R.  RAUSEN 


2.  A  method  for  the  deteniiination  of  the  total  iron  in  aeruiii  containing 
deferoxamine  is  described. 
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I)ii|niylr<'ii's  Coiilracliirc  Ass<><'iiil<Ml  willi  Liver  Dis^'ase 

BIJAN  NAZARI,  M.D. 

New  York,  N.Y. 

The  association  of  Dupuytren's  contracture  with  alcoholism  aiul  alcoholic 
liver  ciri'hosis  was  first  pointed  out  by  Wolfe,  Sumnierskill  and  Davidson  (1). 
This  association  has  been  widely  accepted  but  there  have  been  few  reports  in 
the  literature  confirming  or  contraverting  this  important  observation  (2) .  We 
have  therefore  studied  this  phenomenon  in  a  series  of  patients  with  liver  dis- 
ease of  varying  etiology,  including  cirrhosis  of  the  liver,  with  the  purpose  of 
correlating  the  incidence  of  Dupuytren's  contracture  with  impaired  liver  func- 
tion. 

Ninety  patients  (48  male  and  42  female)  with  liver  disease  were  studied 
over  a  2  year  period.  Diagnosis  was  established  by  appropriate  clinical  picture, 
liver  function  tests  and  biopsy.  There  were  62  subjects  with  cirrhosis  of  the 
liver,  10  with  carcinoma  of  the  liver  (9  metastatic  and  1  primary),  7  with 
hepatitis  (5  infectious  and  2  homologous  serum),  7  with  obstructive  jaundice 
due  to  common  duct  stone  and  cholelithiasis,  2  with  congestive  splenomegaly 
(Banti's  syndrome) ,  1  with  cardiac  cirrhosis  and  1  with  fatty  liver.  Ages 
ranged  from  35  to  81  in  the  female  group  and  from  17  to  85  in  the  males. 

The  degree  of  conti-acture  was  classified  as  designated  by  Moorhead  (2)  as 
follows: 

1st  degree:  Nodulation  with  or  without  dimpling  of  the  skin. 
2nd  degree:  Bands  or  rugae  with  or  without  nodulation. 
3rd  degree:  Contracture  of  the  fingers  with  or  without  bands. 
4th  degree:  Combination  of  1,  2  and  3. 

Of  the  62  cases  of  liver  cirrhosis  (Laennec  type),  there  were  36  males  and 
20  females  with  moderate  to  heavy  alcohol  consumption  and  6  with  only 
occasional  alcoliol  consumption.  Thirty-four  or  54.8  per  cent  of  this  group 
showed  Dupuytren's  contracture.  In  the  28  patients  with  non-cirrhotic  liver 
disease,  10  or  35.7  per  cent  had  evidence  of  Dupuytren's  contracture  (Table  I). 
As  will  be  seen  in  this  table,  the  incidence  of  Dupuytren's  contracture  is  al- 
most as  common  as  the  incidence  of  spider  angiomata  and  approximately  as 
high  as  the  incidence  of  j^almar  erythema. 

Liver  function  tests  were  performed  in  49  of  the  62  cases  in  whom  the  clinical 
diagnosis  of  alcoholic  cirrhosis  was  made  and  in  the  remaining  28  cases  with 
liver  disease  of  other  etiology.  The  tests  performed  were  those  in  general  use 
in  our  hospital,  including  serum  l)ilirubin,  serum  alkaline  phosphatase,  thymol 
turl)idity,  cephalin  flocculation,  total  protein  and  A/G  ratio,  serum  cholesterol 
and  cholesterol  ester  partition,  prothrombin  time,  serum  glutamine  oxaloacetic 
transaminase,  serum  glutamine  pyruvic  transaminase,  liver  biopsy  and,  often. 
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B.S.P.  excretion.  An  attrnipt  was  made  to  correlate  the  presence  or  absence  of 
contracture  with  the  chemical  findings  suggestive  of  impaired  liver  function. 

Six  of  our  8  cases  of  cirrhosis  with  liver  function  tests  indicating  severe  im- 
pairment showed  Dupuytren's  contracture.  Twenty  of  our  27  cases  of  cirrhosis 
with  tests  indicating  moderate  impairment  of  liver  function  demonstrated 
Dupuytren's  contracture.  Of  14  cases  with  no  significant  disturbance  of  liver 
function,  as  measured  by  the  tests,  8  showed  contracture. 

In  the  remaining  28  cases  of  liver  disease,  Dupuytren's  contracture  was  found 
in  only  10  cases.  The  diagnosis  and  results  are  summarized  in  Table  II. 

In  some  of  our  patients,  in  spite  of  heavy  alcoholic  intake,  clinical  findings 
of  Laennec's  cirrhosis  and  positive  contracture,  liver  function  tests  were  witliin 
normal  limits.  This  supports  the  opinion  of  Wolfe  et  al.  that  prolonged  alcohol- 
ism may  cause  Dupuytren's  contracture  even  though  liver  function  was  ap- 
parently unimpaired. 


TABLE  I 


Type  of  Liver  Disease 

No.  of 

Cases 

Positive 
Dupuytren's 
Contracture 

Spider 
Angiomata 

Palmar 
Erythema 

Alcoholic  cirrhosis  

62 

34 

(54.8%  ) 

40 

(64.1%) 

35 

(56.4%,) 

Cardiac  cirrhosis  

1 

1 

(100%  )  ? 

none 

1 

(100%)  ? 

Carcinoma  of  the  liver  

10 

Primary  

1 

5 

(50%) 

3 

(30%,) 

4 

(40%) 

Secondary  

9 

Obstructive  jaundice  

7 

2 

(28.5%) 

1 

(14.9%) 

1 

(14.9%,) 

Fatty  liver  

1 

none 

none 

none 

Banti's  syndrome  

2 

1 

(50%) 

1 

(50%) 

1 

(50%,) 

Hepatitis  

7 

5 

1 

(14.3%) 

1 

(14.3%) 

1 

(14.3%) 

Homologous  serum  

2 

An  attempt  was  made  to  correlate  the  severity  of  the  contracture  and  the 
presumed  degree  of  impairment  of  liver  function  as  evidenced  by  abnormal 
liver  function  tests.  Of  11  cases  with  severe  impairment  of  liver  function  on 
this  basis  7  had  Dupuytren's  contracture;  of  40  patients  with  moderate  im- 
pairment 24  showed  contracture;  and  of  26  jiatients  with  normal  liver  function 
tests  (but  other  evidence  adequate  for  the  diagnosis)  13  had  jialmar  contrac- 
ture. 

In  the  28  cases  of  liver  disease  other  than  alcoholic  cirrhosis,  liver  function 
tests  indicated  severe  impairment  in  3,  moderate  impairment  in  13  and  essen- 
tially normal  function  in  12.  In  this  group  as  a  whole  Dupuytren's  contracture 
was  positive  in  10  cases  and  negative  in  18. 

Of  the  3  patients  in  this  group  whose  liver  function  tests  indicated  severe 
impairment,  one  patient  with  hepatitis  showed  Dupuytren's  contracture  and 
two,  one  with  hepatitis  and  the  other  diagnosed  as  ol:istructive  jaundice  did 
not  develop  the  phenomenon.  Of  the  13  patients  classified  as  showing  moderate 
alteration  in  liver  function  tests,  Dupuytren's  contracture  appeared  in  4  and 
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was  absent  in  9.  The  positive  cases  were  1  of  carcinoma  of  the  livei',  2  of  oW- 
structive  jaundice  clue  to  stone  and  1  of  Banti's  syndrome.  The  group  of  9 
patients  with  moderate  impairment  of  liver  function  and  no  Dupuytren's  con- 
tracture included  2  of  cai'cinoma  of  tlie  liver,  1  of  obstructive  jaundice,  1  of 
Banti's  syndrome  and  5  of  hepatitis.  Of  the  12  patients  showing  noi  inal  livei- 
function  tests,  including  7  of  carcinoma  of  the  liver,  1  of  fatty  liver,  3  of  ob- 
structive jaundice  due  to  stone  and  1  of  cardiac  cirrhosis,  there  were  5  instances 


TABLE  II 


Type  of  Liver  Disease 

No.  of 

Cases 

Liver  Function  Tests 

Dupui 
Contr 

Positive 

^tren's 
acture 

Negative 

49 

Severe  impairment 

8 

6 

2 

Moderate  impairment 

27 

20 

7 

Normal 

14 

8 

(5 

Carcinoma  of  tlie  liver  

10 

Severe  impairment 

0 

0 

0 

Primary  

1 

Moderate  impairment 

3 

1 

2 

Secondary   

9 

Normal 

■7 
1 

4 

3 

Fatty  liver  

1 

Severe  impairment 

0 

0 

0 

Moderate  imijairment 

0 

0 

0 

Normal 

1 

0 

1 

Obstniftivp  jaiuulice  

7 

Severe  impairment 

1 

0 

1 

Moderate  impairment 

3 

2 

1 

Normal 

3 

0 

3 

Banti's  syndrome  

2 

Severe  impairment 

0 

0 

0 

Moderate  impairment 

2 

1 

1 

Normal 

0 

0 

0 

Cardiac  ciri'hosis  

1 

Severe  impairment 

0 

0 

0 

Moderate  impairment 

0 

0 

0 

Normal 

1 

1 

0 

Hepatitis  

7 

Severe  impairment 

2 

1 

1 

Infectious  

5 

Moderate  iinjjainnent 

5 

0 

5 

Homologous  serum  

2 

Normal 

0 

0 

0 

of  Dupuytren's  contracture  and  7  patients  who  did  not  show  the  phenomenon. 
Dupuytren's  was  positive  in  4  of  7  cases  of  carcinoma  of  the  liver  (all  secondary 
carcinoma),  negative  in  1  case  of  fatty  liver,  negative  in  3  cases  of  obstructive 
jaundice  due  to  stone  and  positive  in  1  case  of  severe  cardiac  cirrhosis. 


COMMENT  AND  SUMMARY 

The  presence  of  Dupuytren's  contracture  was  studied  in  90  patients  with 
liver  disease  of  varying  etiology.  It  was  found  to  be  present  in  44  of  the  total 
group.  Of  62  cases  of  alcoholic  cirrhosis,  34  were  positive  for  Dupuytren's  con- 
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tracturc,  and  in  a  ^loiip  of  28  cases  of  non-cinliotic  liver  disease  10  were 
positive. 

Our  findings  of  34  instances  of  Dupuytren's  contracture  among  62  patients 
with  alcoholic  cirrhosis  of  the  liver  is  in  agreement  with  the  results  of  Wolfe 
et  al.  (1).  An  incidence  of  10  i)ositive  results  in  28  cases  of  non-cirrhotic  liver 
disease  is  of  significance. 

No  correlation  was  found  between  the  severity  of  imjiairment  of  liver  func- 
tion and  the  presence  of  Dui)uytren's  contracture  in  our  series  (2). 
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"Mental"  clian^cs  in  patients  with  diffuse  disease  of  tlie  hi'ain  liave  long 
been  noted.  It  was  particulai'ly  marked  during  observations  made  of  patients 
with  the  epidemic  encephalitis  of  von  Economo  (1-5).  Less  frequently  has 
this  correlation  l)een  made  during  sporadic  cases  of  presumed  inflammatory 
disease  of  the  brain  (6-9). 

It  is  the  aim  of  this  report  to  describe  some  of  the  behavioral  disturl)ances 
which  may  appear  in  acute  inflammatory  disease  of  the  brain — phenomena 
which  l)car  close  resemblance  to  symptoms  attributed  to  certain  i:)sychiatric 
conditions.  The  resemblance  may  be  so  great  as  to  cause  initial  diagnostic 
difficulties. 

Diagnostic  difficulties  may  indeed  occur  in  the  evaluation  of  patients  with 
depression  in  the  i)re.sence  of  tumors  of  the  brain  (10).  A  recent  rejiort  would 
tend  to  minimize  the  incidence  of  schizophrenic-like  phenomena  in  patients 
with  brain  tumors  (11).  In  that  study  it  was  felt  that  social  and  emotional  dis- 
turbances occur  only  secondarily  in  organic  brain  disease  and  delusional  ideas 
when  they  api:)ear,  do  so  only  in  a  "setting  of  unmistakably  advanced  neuro- 
logical findings."  This  does  not  appear  to  be  valid  for  the  patients  with  inflam- 
matory disease  of  the  brain  here  presented. 

These  cases  were  chosen  from  among  the  admissions  to  the  Neurology  Service 
of  The  Mount  Sinai  Hospital  and  all  but  two  were  personally  seen  l)y  at  least 
one  of  the  authors.  They  were  sjjoradic  in  occurrence.  There  were  one  each  in 
1949,  1956,  1961 ;  three  in  1962;  two  in  1963,  and  two  in  1964.  The  onset  was 
during  the  winter  in  five,  spring  in  one,  summer  in  one,  and  autunni  in  three. 
Nine  were  females,  with  ages  ranging  from  seventeen  to  forty-seven  but  mainly 
in  the  second  and  third  decades.  There  was  one  male  age  20. 

In  these  10  cases,  involvement  of  the  l)rain  was  demonstrated  by  abnormali- 
ties of  the  spinal  fluid,  electroencephalogram  or  definite  neurological  findings 
such  as  seizures,  aphasia  and  extensor  plantar  signs.  Inflammatory  disease  was 
presumed  because  of  the  clinical  course  and  in  most  because  of  increased 
numbers  of  leukocytes  in  the  spinal  fluid.  However,  in  no  case  was  an  etiologic 
agent  or  rising  titer  of  antibodies  to  the  available  viral  antigens  demonstrated. 
Neoplastic  mass  lesions  were  ruled  out  by  the  clinical  course  and  by  appropri- 
ate neuroradiologic  procedures.  Other  causes  of  diffuse  brain  dysfunction  such 
as  toxic  metabolic  disturbances  or  various  presumably  primary  demyelinating 
diseases,  such  as  multiple  sclerosis,  although  not  eliminated  with  certainty, 
are  far  less  likely  in  view  of  the  clinical  and  laboratory  findings. 

P^roni  tlic  Dc|)artiiient  of  Neurology,  Tlic  Mount  Sinai  Hospital,  New  York,  N.Y. 
Aided  in  part  by  U.S.P.H.S.  NB  05221-02. 
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CASE  REPORTS 

Case  ] .  Tlu'  ])aticiU  was  a  29  year  old  woman  with  liistory  of  marital  difficul- 
ties for  which  she  received  psychotherapy.  She  had  been  concerned  with  renounc- 
ing her  religion  j)rior  to  her  marriage.  She  had  also  been  interested  in  extrasensory 
perception.  Several  weeks  after  a  non-specific  rhinitis  she  felt  that  everything 
"tasted  like  celery."  She  then  complained  of  paresthesiae  in  all  four  extremities 
and  of  sounds  seeming  more  distant  than  they  really  were.  There  was  a  f|ues- 
tionable  drift  of  the  left  arm.  Soon  afterwards  she  became  withdrawn  and  then 
very  agitated.  She  Avould  shout  that  God  was  telling  her  that  "everything  was 
all  right"  and  voices  told  her  that  she  was  a  "pure  virgin."  She  could  hear 
conversations  taking  place  at  distant  tables  in  a  restaurant.  Colors  were  more 
vivid  and  walls  seemed  to  be  closing  in  on  her.  She  said  she  felt  like  a  "Picasso 
[sic]  painting  of  a  woman  all  in  cubes  walking  downstairs." 

It  was  felt  that  she  was  "schizophrenic"  and  she  was  admitted  to  a  psychi- 
atric hospital.  There  she  was  hallucinating  and  described  as  "cataleiitic." 
Electroencephalogram  showed  bilateral  slow  activity  (as  slow  as  1  cps)  with 
right  temporal  accentuation.  Spinal  fluid  contained  up  to  13  leukocytes  per 
cubic  millimeter  with  normal  jiroti'in  and  sugar.  After  several  weeks,  she  was 
transferred  to  The  jNlount  Sinai  Hospital  where  she  appeared  alert  but  did  not 
respond  to  verbal  commands  or  painful  stimuli.  She  showed  "waxy  flexibility." 
Fever,  coma,  seizures  and  dyskinesias  followed  before  eventual  recovery  and 
discharge  seven  weeks  after  hosjiitalization.  She  received  four  electro-convul- 
sive treatments  midway  in  her  hospital  stay.  On  follow-up  she  appears  well 
with  electroencephalogram  I'cturned  to  normal. 

Case  2.  The  patient  was  a  17  year  old  girl  with  history  of  poor  school  work  with 
sexual  promiscuity.  She  threatened  to  ha^•e  a  nervous  breakdown  if  her  boy- 
friend left  her.  Shortly  after,  she  had  a  generalized  headache  and  fever  up  to  102. 
This  cleared  but  her  behavior  became  more  abnormal  in  the  sexual  area.  She 
suggested  performing  sexually  perverted  acts  with  her  boyfriend  and  her  uncle. 
She  masturbated  oi)enly.  Her  speech  became  "drawling"  and  there  was  some 
clumsiness  of  her  gait.  She  ate  with  her  fingers.  She  was  incontinent  and  un- 
concerned about  it.  An  initial  spinal  tap  was  said  to  be  normal  and  she  was 
given  an  electro-convulsive  treatment  on  the  basis  of  the  diagnosis  of  schizo- 
phrenia. 

She  became  sleepy  and  was  then  hospitalized  at  The  Mount  Sinai  Hospital. 
On  the  admission  examination  she  was  unco-operative.  She  grimaced  and 
masturbated.  Despite  the  presence  of  an  inconstant  left  Babinski  it  was  felt 
that  her  behavior  could  be  due  to  "schizophrenia."  Intravenous  .sodium  amytal 
did  not  make  her  more  communicative.  Spinal  fluid  showed  96  leukocytes  per 
cubic  millimeter,  95%  lymphocytes  and  protein  34  mg%.  Electroencephalogram 
was  abscured  by  artifact.  Neurologic  signs  including  convulsions,  dyskinesias 
and  oculogyric  crises  developed.  Temperature  rose  as  high  as  107  before  grad- 
ually diminishing.  There  was  slow  improvement  in  her  behavior  but  she  con- 
tinued to  show  episodic  rage  and  used  obscene  language.  She  was  discharged 
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after  three  luoiitlis  ri'(iuii'in^  later  admission  to  a  state  mental  hospital  heloi'e 
lieinj^  (liseliarged  as  asymi)tomatic. 

Case  3.  'I'lie  patient  was  a  47  year  old  woman  wi'itei'  with  a  long  history  of  in- 
tei-mittent  hehavioi'al  distui'l)ances.  She  received  a  course  of  electro-convulsive 
therai)y  at  age  30  because  of  agitated  and  phobic  behavior.  She  remained 
afraid  of  going  outside  alone  and  fi'ightened  of  elevators.  She  was  able  to  work 
as  a  writer  despite  this. 

Se^•eral  days  following  a  fever  with  rhinitis  and  vomiting,  she  began  to  hear 
\  oices.  She  would  also  compulsively  insist  on  finding  out  what  the  middle  initial 
in  Nelson  A.  Rockefeller  stood  for.  The  next  day  she  had  a  grand  mal  seizure. 
After  this  she  did  not  speak  and  was  described  as  having  a  "wild  stare."  The 
])hysician  by  whom  she  was  examined  diagnosed  her  difficulty  as  psychiatric. 
However  later  examination  on  admission  to  The  Mount  Sinai  Hospital  revealed 
a  severe  language  disturbance  with  jargon.  She  did  not  respond  to  painful 
stimuli  or  to  a  burning  match  brought  close  to  her  open  eyes.  Temperatures 
were  spiking,  rising  to  104.6.  There  were  270  lymphocytes  per  cu  mm  of  spinal 
fluid,  all  lymphocytes.  Electroencephalogram  show^ed  bilateral  cerebral  dys- 
function with  slowing  accentuated  in  the  left  anterior  temporal  region.  Pneumo- 
encephalogram  was  normal.  During  recovery  the  language  disturbance  de- 
creased but  remained  severe.  Repeat  electroencephalogram  was  normal  but  she 
required  continued  hospitalization.  She  felt  that  she  was  in  a  dream.  She  main- 
tained that  time  was  standing  still,  would  not  look  at  a  clock  and  turned  them 
all  face  down.  With  ]ihenothiazines  the  phobias  diminished  but  a  mild  aphasia 
remains. 

Case  4-  The  patient,  a  27  year  old  divorcee,  was  reportedly  under  great  stress 
in  a  new  job  beyond  her  abilities.  She  developed  a  sense  of  malaise  and  diarrhea. 
She  then  was  unable  to  sleep  and  lost  her  appetite.  Her  memory  was  gone  and  she 
was  uninterested  in  life.  She  heard  music  that  others  could  not  hear.  On  admis- 
sion she  was  immobile.  Described  as  showing  a  "flattened  affect  with  ludic 
overtones,"  she  had  occasional  episodes  of  screaming  and  shouting.  Spinal  tap 
showed  62  lymphocytes,  5  polymorjihs  with  protein  of  51  mg9f .  EEG  was  normal. 
She  reported  seeing  insects  and  other  animals  crawling  on  her  bed.  She  referred 
frequently  to  wishing  that  she  was  dead  and  that  someone  would  kill  her.  On 
one  occasion  she  attempted  to  strangle  herself  and  her  nurse  with  a  bell  cord. 
She  reciuired  heavy  sedation  for  control.  The  temperature  was  at  first  normal 
but  within  the  first  week  became  elevated,  rising  as  high  as  106°  F.  There  was 
gradual  improvement  and  w^as  discharged  as  asymptomatic  ten  weeks  after 
onset. 

Case  5.  The  patient  was  a  17  year  old  school  girl  who  was  described  as  quiet 
and  withdrawn.  She  had  a  non-specific  febrile  illness  lasting  a  day.  At  this  same 
time  she  began  to  have  increasingly  severe  arguments  with  her  parents  about 
discipline.  Several  weeks  later  she  had  several  grand  mal  seizures.  Following 
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hospitalization  s|>iiial  fiuiil  showed  no  cells  hut  protein  of  70  nig%.  Electro- 
encephalogram  showed  marked  slowing  at  the  right  anterior  temporal  region. 
She  was  agitated  and  violent.  She  was  depressed  with  crying  spells.  She  threat- 
ened to  kill  her  i)arents  and  siblings  as  well  as  herself.  She  heard  voices  out- 
side the  window  but  could  not  tuiderstand  what  they  said.  She  was  admitted  to 
The  jMoiint  Sinai  Hospital  at  this  time.  It  was  felt  that  the  behavioral  disturb- 
ances with  almost  schizophrenic  like  behavior,  were,  in  view  of  the  history  of 
seizures,  due  to  presumed  disease  of  the  nervous  system.  Violent  behavior  per- 
sisted. There  were  persistent  delusions  that  she  was  to  have  an  operation  on  her 
head  as  well  as  a  hysterectomy.  Fever  uj)  to  102  occurred  during  the  first  two 
weeks  in  the  hospital.  The  electroencephalogram  had  a  decreased  amount  of 
alpha  on  the  right  and  a  large  amount  of  irregular  and  at  times  continuous 
slow  activity  (as  slow  as  1.25  ops)  bilaterally  right  more  than  left.  A  right 
carotid  arteriogram  and  pneumoencephalogram  were  normal.  She  was  given  a 
course  of  eighteen  electro-convulsive  treatments.  There  was  continued  im- 
provement and  was  discharged  asymptomatic  3  months  after  the  onset. 

Case  6.  The  patient  was  a  25  year  old  married  woman  who  had  sexual  difficul- 
ties and  was  fearful  of  becoming  pregnant.  She  had  several  grand  mal  seizures. 
Several  days  later  she  was  uncommunicative  although  she  appeared  alert.  She 
made  grunting  sounds.  She  did  not  react  to  a  burning  match  brought  close  to  her 
eyes.  She  was  seen  by  a  psychiatric  consultant  who  described  her  as  catatonic 
either  due  to  neurologic  disease  or  to  a  post  partum  psychosis.  Shortly  after  ad- 
mission intravenous  sodium  amytal  caused  no  change.  Later  in  her  course  it 
elicited  more  speech  but  the  content  remained  the  same.  She  would  hold  her 
hands  in  the  air  with  the  fingers  spread  for  long  periods.  She  would  bang  her 
head  and  bite  at  her  fingers.  She  would  cry  out  "poison  me,  poison  me."  She 
refused  to  permit  the  nurses  to  clean  her  genitalia  repeatedly  saying  "I'm 
liregnant"  and  spoke  of  being  seduced  at  a  party.  Spinal  fluid  showed  up  to  180 
leukocytes  per  cu  mm,  at  first  predominately  polymorphonuclear  but  later 
mainly  lymphocytes.  Electroencephalogram  was  abnormal  indicating  left  and 
later  bilateral  cerebral  dysfunction  most  pronounced  anteriorly  with  some  ac- 
tivity as  slow  as  1.25  cps.  Fever  rose  to  103.  A  course  of  electro-convulsive 
therapy  was  suggested  but  she  improved  before  it  was  instituted.  She  was  dis- 
charged asymptomatic  two  months  after  onset.  She  has  continued  to  have 
grand  mal  seizures  controlled  by  anticonvulsants. 

Case  7.  The  patient  was  a  20  year  old  college  student  who  had  been  an  outgo- 
ing, friendly  boy  prior  to  the  illness,  complained  of  unusual  difficulty  with 
courses  during  summer  school.  He  received  a  low  grade  at  the  end  of  the  term  and 
afterwards  was  noted  to  be  depressed  and  withdrawn.  Shortly  thereafter  he 
experienced  occipital  headaches,  drowsiness,  malaise  and  fever  lasting  two 
days.  He  later  showed  photojihobia  and  lethargy.  Several  days  later  he  began 
to  confabulate  about  a  trip  with  his  parents.  On  admission  he  was  considered 
to  show  schizoid  behavior  evidenced  by  lack  of  affect  and  In*  not  looking  at  the 
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exumiiU'r.  He  would  put  his  lic;i(l  uudcr  the  l)c<l.-liccts  when  spoken  to.  He  was 
disoriented  as  to  time.  Souinoleuce,  lucuiory  dist ui'haiicc,  and  disorientation  for 
time  gradually  increased,  while  calculation  and  olxMlicnce  to  complex  com- 
mands remained  intact  for  a  longer  jx-i'iod.  He  would  drink  a  great  deal  of 
water  and  \\as  incontinent.  Temperature  spikes  to  104°  F  occurred.  Seizures 
followed  and  he  was  comatose  for  a  number  of  days.  Later  he  became  more 
alert,  but  fell  asleep  readily  at  any  time.  There  would  be  long  latent  periods 
between  being  asked  a  simple  question  and  his  response.  Spinal  fluid  on  ad- 
mission to  the  hospital  showed  ten  leukocytes  but  later  in  his  course  this 
increased  to  216  leukocytes  per  cubic  millimeter  (mainly  lymphocytes).  Pneu- 
moencephalography revealed  generalized  ventricular  enlargement.  Bilateral 
spasticity,  occasional  grand  mal  seizures,  and  evidence  of  cerebral,  midbrain,  and 
hypothalamic  disturbance  remain  almost  three  years  after  the  onset. 

Case  8.  The  patient  was  a  21  year  old  woman.  She  was  the  youngest  of  a  large 
family  and  had  been  recently  married.  There  were  sexual  difficulties  and  con- 
cern over  pregnancy.  She  had  wept  when  her  husband  entered  the  army  four 
months  prior  to  her  admission.  Two  weeks  prior  to  admission  she  complained 
of  abdominal  cramps  and  succeeded  in  having  her  husband  returned  on  com- 
passionate leave.  She  cried  when  he  was  to  leave  fearing  that  he  would  be  killed 
in  a  plane  crash  on  his  return  to  his  base.  The  next  day  she  complained  of 
"feeling  funny  all  over"  and  was  unresponsive  for  several  minutes.  Several 
days  later  she  had  a  generalized  convulsion  beginning  on  her  right  side.  Over 
the  next  few  days  she  was  able  to  carry  on  about  her  house  but  seemed  abnor- 
mally euphoric.  She  made  errors  in  a  card  game  and  stated  that  she  did  not 
understand  people's  speech  and  could  not  hear  herself.  She  then  began  to  shout 
obscenities  and  throw  objects.  On  admission  to  another  hospital  her  temperature 
was  102  and  she  had  stopped  speaking  and  eating.  A  course  of  electro-convulsive 
therapy  was  planned  on  the  basis  of  a  diagnosis  of  schizophrenia  but  wdth  the 
occurrence  of  another  spontaneous  seizure  she  was  transferred  to  the  neurologic 
service  at  The  Mount  Sinai  Hospital.  At  that  time  she  did  not  speak  although 
her  eyes  were  open.  She  thrashed  about  during  the  examination.  There  were  no 
focal  neurologic  signs.  There  was  almost  continual  grimacing,  screaming,  sob- 
bing, continuous  movements  of  the  head  and  lips.  Thrusting  pelvic  movements 
occurred  with  masturbation.  Spinal  fluid  on  admission  show'ed  37  lymphocytes 
per  cubic  millimeter,  mainly  lymphocytes.  Protein  and  sugar  were  normal. 
Electroencephalogram  was  diffusely  abnormal  consisting  of  1-4  cps  activity. 
As  she  improved  she  would  tend  to  sj)eak  in  long  series  of  rhymes  "joy,  joy  joy, 
soy,  soy,  soy,  foy,  foy,  foy."  She  was  actively  hallucinating  talking  to  her 
husband  and  nephews.  She  gradually  improved.  Fever  as  high  as  104°  F  re- 
turned to  normal.  She  was  discharged  asymptomatic  following  two  months  of 
hospitalization.  An  intravenous  amytal  test  was  normal  just  j^irior  to  her  dis- 
charge as  was  a  pneumoencephalogram. 

Case  9.  The  patient  was  a  16  year  old  school  girl  who  was  described  as  shy  and 
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ratluT  wit li<li'a\vn.  patticularly  t'cai'tul  of  sexual  advances.  Several  weeks  prior 
to  admission  she  had  a  sor''  throat  and  fever  whieh  cleared  spontaneously. 
Several  days  prior  to  admission  she  began  to  comiilain  of  headache  and  was 
unable  to  sleep.  She  told  her  parents  that  they  were  "on  Mars."  She  then  com- 
l^lained  of  increased  headache  and  appeared  to  be  unsteady  when  walking.  She 
then  became  mute,  nodding  her  head  in  answer.  Still  later  that  day  she  did 
not  understand  commands.  She  was  described  as  catatonic  and  was  hospitalized. 
Spinal  fluid  on  admission  was  normal  but  on  the  next  day  there  were  8  leuko- 
cytes per  cubic  millimeter  (6  polymorphonuclears  and  2  lymphocytes).  Electro- 
encephalogram was  diffusely  abnormal  with  spikes,  basic  frequency  of  3-5  cps 
with  scattered  1.5-3  cps  activity.  Intermittent  grimacing  and  fluctuating  mus- 
cular tone  followed.  Temperature  rose  to  102  during  the  first  week.  She  began 
to  speak  after  a  week  and  confabulated  about  being  married,  of  having  had  an 
abortion,  of  having  killed  a  baby.  She  had  cleared  by  the  fourth  week  and  was 
discharged  asymptomatic. 

Case  10.  The  ]vtticnt  was  a  17  year  old  college  student  who  was  said  to  have 
"erratic"  behavior  with  witle  mood  swings  during  the  previous  year.  One  week 
before  admission  she  had  a  mild  fever  and  was  slightly  drowsy.  During  the  next 
few  days  she  would  make  apparently  unjustified  hostile  remarks.  She  then  be- 
came withdrawn  and  extremely  hostile  toward  her  family.  Two  grand  mal  sei- 
zures followed  on  the  day  of  admission.  On  admission  temperature  was  102°.  She 
was  described  as  shouting  and  restless.  Would  not  follow  commands.  Kept 
repeating  "mommy,  mommy  help  me,  I  feel  sick."  Spinal  tap  showed  89  RBC  ; 
no  WBC;  protein  48,  sugar  78.  By  the  next  day  she  was  more  alert  but  con- 
tinued to  be  irritable.  EEG  was  abnormal  with  bilateral  irregular  1.5-4  ciis 
activity  up  to  120  microvolts  bilaterally.  Repeat  spinal  tap  showed  20  WBC 
all  lymphocytes  with  protein  41  mg%.  Subsequently  had  several  more  seizures 
including  one  which  began  with  spots  in  front  of  eye  moving  to  right  with 
clonic  movements  of  right  arm.  During  this  period  she  was  oriented. 

Speech  was  tremulous,  slightly  dysarthric  with  tremulous  myoclonic  move- 
ments of  right  half  of  body  including  face.  Had  nystagmus  and  a  left  Babinski. 
Had  difficulty  with  reversals,  serial  7's  and  calculations.  Later  became  de- 
pressed before  being  discharged  a  month  after  onset  of  illness.  There  were 
short  and  long  runs  of  3-4  cps  spike  and  wave  with  irregular  1.5-3  cps  activity 
on  EEG  just  prior  to  discharge. 

DISCUSSION 

In  all  these  patients  (see  Table  I),  aside  from  Case  Xo.  6,  there  was  an  ante- 
cedent history  of  a  non-specific  febrile  illness,  usually  involving  the  respiratory 
tract  but  involving  the  GI  tract  in  Case  No.  4.  Again,  aside  from  Case  No.  6 
which  presented  with  seizures,  the  presenting  symptoms  were  "mental"  changes 
prior  to  other  symptoms  and  signs  of  involvement  of  the  central  nervous  sys- 
tem. 

The  type  of  behavior  which  was  initially  exhil)it  varied  considerably.  Hallu- 
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(•illations  of  \-arious  sorts,  mainly  auditoi'y,  wvw  louml  in  Cases  No.  1,  3,  4. 
Delusions  and  (■onl'al)ulations  were  found  in  Cases  No.  1,  7,  9.  Sexual  artinp;  out 
and  \  iolcnt  l)(  ha\  ior  were  seen  in  Cases  No.  2,  5,  8,  10.  These  symptoms  led  to 
initial  criois  in  dia^^nosis.  Indeed,  even  when  other  symptoms  of  involvement  of 
the  central  nervous  system  presented,  the  pattern  of  bchdrlor  in  many  ways 
could  not  be  distinguished  from  that  of  the  schizophrenic. 

Seizures,  dyskinesias,  ocu'ogyric  crises  later  appeared,  as  well  as  high  tem- 
peratures. In  some,  Cases  No.  1-4,  the  temperature  consistently  rose  to  the 
l  ange  of  104-107°  F.  The  course  usually  lasted  about  2-3  months  before  clear- 
ing. However,  in  Case  No.  2  persistent  behavioral  disturbances  required  more 
chronic  hospitalization  and  Case  No.  9  remains  unimproved  two  and  a  half 
years  i)ost  onset  with  evidence  of  severe  brain  atrophy.  The  symptomatic  use 
of  electro-convulsive  therapy  was  associated  with  recovery  in  Cases  No.  1,  5 
i)ut  was  not  used  in  other  cases  which  recovered  spontaneously.  It  had  no 
beneficial  effect  on  the  course  of  Case  No.  9.  Nor  were  high  doses  of  steroids  of 
value  in  this  case. 

The  presence  of  "mental"  disturbances  in  these  patients  does  not  appear  to 
be  surprising.  The  relatively  acute  onset,  the  severity  of  the  involvement  and 
the  apparent  involvement  of  the  deeper  structures  of  the  brain  as  evidenced  by 
the  high  fevers,  may  all  contribute  to  producing  the  clinical  picture.  Of  impor- 
tance is  the  concept  that  these  so-called  "mental"  disturbances  are  but  symp- 
toms and  need  not  have  particular  etiologic  significance  per  se. 

They  are  but  symptoms  which  reflect  the  presence  of  brain  dysfunction  and 
the  particular  patient's  previous  areas  of  preoccupation  and  pi-eviously  pre- 
ferred modes  of  adaptation  to  stress  (12).  The  religious  content  of  the  delusions 
and  hallucinations  in  Case  No.  1  may  reflect  her  concei'n  with  religion  in  terms 
of  her  religiously  mixed  marriage  and  conversion.  The  compidsive  and  phobic 
behavior  in  Case  No.  3  had  been  her  pattern  throughout  lier  life.  The  jireoccu- 
pation  with  death  and  violence  in  Cases  No.  4,  5,  6,  10  may  reflect  the  depres- 
sion that  they  had  been  feeling  prior  to  the  illness  and  the  tendency  to  be 
withdrawn  when  under  stress. 

Particularly  striking  were  the  sexual  delusions  and  preoccupations  of  Cases 
No.  2,  6,  9.  Case  No.  8  also  had  hallucinations  about  her  young  nephew  and  her 
husband,  as  well  as  almost  constant  masturbation  and  sexual  preoccupations. 
Her  pre-morbid  concerns  had  been  in  terms  of  family  and  sex. 

With  disturbance  of  consciousness  and  the  brain  dysfunction  induced  by  the 
inflammatory  disease  of  the  brain  behavioral  changes  occur  which  at  times  mir- 
ror the  pre-morbid  preoccupations  of  these  patients.  One  would  .suggest  that 
more  concerted  attempts  be  made  in  these  patients  to  study  tlu-ir  ]iie-morbid 
behavior  in  terms  of  their  preferred  modes  of  behavior. 

SUMMARY 

1.  Ten  cases  of  si)oradically  occurring  acute  inflannuatory  disease  of  the 
brain  which  presented  with  .symptoms  mimicking  psychiatric  illness  are  de- 
scribed. 
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2.  Tlu'sc  plicnouK'na  may  j)i()(hK'e  initial  tliagnostic  ditiiciilties. 

3.  Tlio  sif^nifioance  of  these  phenomena  as  i"ehi,ted  to  the  organic  brain 
tli-sease  and  to  the  jire-morbid  personahty  is  briefly  discussed. 
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A  45  year  old  Puerto  Rican  housewife  was  admitted  to  The  Mount  Sinai 
Hospital  because  of  abdominal  fullness  and  discomfort  for  four  months.  This 
was  associated  with  anorexia,  weight  loss  and  sevei'al  loose  bowel  movements 
a  day  in  addition  to  a  low  grade  fever.  She  had  lived  in  New  York  for  29  years 
but  was  in  Puerto  Rico  for  the  last  three  years.  vShc  had  two  children  and  18 
years  ago  had  an  appendectomy  and  a  tubal  ligation.  There  was  no  family 
history  or  contact  with  tuberculosis.  Two  months  after  the  onset  of  symj.toms 
she  was  admitted  to  a  hospital  in  Puerto  Rico  where  right  lower  cjuadrant 
and  right  adnexal  tenderness  and  ascites  were  found.  At  laparotomy  small 
nodules  up  to  4  mm  in  diameter  were  seen  over  the  entire  peritoneum.  Several 
liters  of  ascitic  fluid  were  removed.  The  liver,  stomach,  bowel  and  j^ancreas 
appeared  normal.  Several  nodules  were  biojjsied,  and  a  distal  segment  of  the 
right  fallopian  tui)e  (Fig.  1 1.  The  nodules  were  reported  as  areas  of  mesothelial 
cells  and  macrophages  with  mononucleai-  cell  infiltration.  The  tube  was 
edematous  and  congested  but  contained  no  leukocytes.  Neither  granuloma  or 
tumor  was  seen.  Because  tuberculosis  was  felt  to  be  the  most  likely  diagnosis, 
the  i^atient  was  given  isoniazid  and  streptomycin.  However,  the  ascites  re- 
curred shortly  after  and  necessitated  paracentesis.  She  returned  to  New  York 
to  receive  further  medical  care  and  was  admitted  to  this  hospital. 

Her  temperature  was  99°,  pulse  100/min.,  blood  j^-essure  120/70  and  respira- 
tions 20/min.  She  appeared  pale  and  chronically  ill.  The  only  significant  ab- 
normalities found  on  physical  examination  were  ascites  and  a  palpable  edge 
of  the  liver  and  tip  of  the  spleen. 

A  small  amount  of  albumin,  a  few  hyaline  casts  and  red  Ijlood  cells  were 
found  in  the  urine.  The  hemoglobin  was  9.9  G%.  The  white  blood  count  was 
19,500/mm3  with  72%  segmented  cells,  1%  banrl  forms,  19%  lymphocytes  and 
7%  monocytes.  The  platelet  count  was  1 ,285,000/ mm'^  The  sedimentation 
rate  w^as  80  mm/hr.  The  blood  urea  nitrogen,  creatinine,  l)lood  sugar,  serum 
bilirubin,  prothrombin  time,  serum  alkaline  phosphatase,  serum  amylase,  and 
serum  glutamic  oxalacetic  transaminase  were  normal.  The  serum  albumin 
was  1.7  G%  and  serum  globulin  4.1  G%.  Serum  electrophoresis  showed  high 
gamma  and  alpha  globulins  and  low  albumin.  The  serum  cholesterol  was  105 
mg%  with  70%  esters.  The  serum  sodium,  and  potassium  and  phosphorus  were 
normal;  the  CO2  was  36  mEq/L  and  the  serum  calcium  8.2  rag%.  During  the 
patient's  hospital  stay,  the  serum  calcium  dropped  to  as  low  as  4.0  mg%  with- 
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out  symptonis.  The  stools  were  guuiuc  negative  l)ut  contaiiKMl  increased  neut  ral 
fats.  The  purified  protein  derivative  second  strength  was  positive.  The 
peritoneal  fluid  contained  mesothelial  cells,  erythrocytes  and  leukocytes  and 
1.7  G%  albumin  and  2.8  G%  globulin.  Cultures  of  the  blood,  bone  marrow  and 
peritoneal  fluid  were  sterile.  Biopsies  of  lymjih  nodes,  small  intestine  and  bone 
marrow  were  normal.  The  chest  x-ray  indicated  blunting  of  both  costophrenic 
angles  and  the  flat  film  of  the  abdomen  suggested  the  pi'escnce  of  ascites. 

In  the  hospital,  the  ]iatient  continued  to  have  a  low  grade  fever  despite 
therapy  with  isoniazid,  streptomycin  and  para-aminosalicylic  acid,  and  anemia 
despite  blood  transfusions.  Because  of  persistent  ascites,  culdoscopy  was  per- 
formed on  the  fifteenth  hospital  day  and  the  whitish  nodules  were  again  seen. 
Biopsy  of  these  revealed  hypertrophic  mesothelial  cells,  acute  and  chronic 
non-specific  inflammation  and  prominent  epithelioid  cells.  After  a  month  in 
the  hospital  she  became  mildly  jaundiced  with  a  peak  serum  bilirubin  of 
3.2  mg%  and  a  serum  alkaline  phosphatase  activity  of  39.8  King  Armstrong 
units.  The  serum  glutamic  oxalacetic  transaminase  rose  to  41  units.  These  all 
returned  to  normal  after  para-aminosalicylic  acid  was  discontinued.  Fever  and 
loose  stools  continued  but  sigmoidoscopic  examination  did  not  reveal  any 
mucosal  changes.  Because  of  the  diarrhea  a  rather  severe  metabolic  hypokale- 
mic alkalosis  developed.  This  responded  to  appropi'iate  fluid  and  electrolyte 
therapy.  Prednisone,  40  mg  a  day,  was  started  after  four  weeks  in  the  hospital. 
This  decreased  but  did  not  eliminate  the  diarrhea.  The  patient  became  distended 
and  dyspneic  and  paracentesis  yielded  an  odorous  purulent  fluid,  which  con- 
tained polymorphonuclear  leukocytes  and  anaerobic  diplococci.  A  laparotomy 
was  performed  on  the  forty-third  hospital  day.  The  bowel  was  matted  together 
by  a  diffuse  granular  overgrowth  which  was  thought  to  be  a  purulent  peritoni- 
tis resulting  from  the  culdoscopy.  Drainage  was  instituted  and  she  was  given 
penicillin  and  chloramphenicol.  Diarrhea  and  ascites  recurred  and  did  not 
respond  to  parenteral  neomycin  and  steroids.  She  was  also  continued  on  isoni- 
azid and  streptomycin  and  pyrazinamide  was  added.  After  several  weeks  she 
again  became  jaundiced  with  a  peak  bilirubin  of  8.0  mg%,  serum  glutamic 
oxalacetic  transaminase  of  92  units  and  a  serum  alkaline  phosphatase  activity 
of  50.3  King  Armstrong  units.  A  biopsy  of  the  liver  showed  severe  cholestasis 
and  ductular  proliferation  suggesting  toxic  hepatitis.  The  jaundice  subsided 
with  discontinuation  of  the  pyrazinamide.  The  patient  was  given  prednisone, 
albumin,  and  blood  transfusions,  large  doses  of  testosterone  propionate,  supple- 
mental vitamins,  calcium  gluconate  and  potassium  chloride  with  no  improve- 
ment. She  gradually  lost  more  weight  and  became  weaker.  Stitch  abscesses 
developed  in  the  abdominal  wound  and  drained  persistently.  Flexion  con- 
tractures developed  in  the  hips  and  knees.  On  the  200th  day  in  the  hospital  she 
developed  dyspnea,  tachycardia  and  fever  with  bronchial  breathing.  She  ex- 
pired three  days  later  failing  to  respond  to  antibiotics  and  digitalis. 

Dr.  Henry  D.  Janowitz* :  This  45  year  old  Puerto  Rican  housewife  who 
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presented  with  uhdominal  fullness  and  discomfort  was  not  a  neurotic  house- 
wife witli  clironic  functional  symptoms  for  two  hundred  days  later  she  was 
dead.  Her  whole  illness  had  been  less  than  a  year's  duration. 

It  is  interesting  that  she  had  been  born  in  Puerto  Rico  but  lived  most  of  her 
life  in  the  United  States  and  then  became  ill  in  Puerto  Rico.  I  mention  this 
because  there  were  physical  findings  and  laboratory  tests  suggestive  of  malab- 
sorption and  I  wondered  whether  they  were  consistent  with  tropical  or  non- 
tropical sprue.  As  you  know,  the  field  has  been  further  complicated  by  the  in- 
troduction of  the  term  "temperate  sprue"  but  I  do  not  think  that  she  had  one 
of  these  three  varieties. 

It  is  clear  also  that  the  physicians  in  the  first  hospital  faced  exactly  the  same 
dilemma  and  the  same  therapeutic  problems  that  were  faced  here.  They  saw  a 
woman  who  had  ascites  and  although  they  quickly  obtained  an  operative 
specimen,  they  then  were  presented  with  the  difficulty  of  interpreting  the 
peritoneal  biopsy. 

Is  the  biopsy  specimen  available? 

Dr.  E.  Rubinj:  The  fallopian  tube  showed  numerous  hyperplastic  cells. 
There  was  a  non-specific  inflammation  throughout  the  wall  of  the  tube  distally. 
No  fungi  or  microorganisms  could  be  seen.  This  was  interpreted  as  a  non- 
specific chronic  peritoneal  reaction. 

Dr.  Janowitz:  Although  the  biopsy  did  not  provide  a  microbiologic  diagnosis, 
she  was  treated  for  tuberculous  peritonitis.  She  failed  to  respond  to  therapy  and 
the  ascites  reaccumulated  requiring  paracentesis. 

I  saw  this  patient  during  life  but  the  general  physical  examination  was  not 
helpful.  Ascites,  of  course,  was  prominent  and  there  was  a  question  of  a 
palpable  spleen.  There  was  no  peripheral  edema. 

Alost  of  the  studies  of  the  liver  were  normal,  except  for  a  very  low  serum 
albumin  and  a  high  gamma  and  alpha  globulin. 

There  were  certain  other  laboratory  studies  which  raise  some  question  con- 
cerning intestinal  absorption.  She  had  some  loose  stools  and  there  was  in- 
creased neutral  fat  on  smear.  The  serum  cholesterol  was  105  mg%,  the  calcium 
fell  as  low  as  4  mg%  and  the  serum  albumin  was  low'.  These  studies  suggest 
interference  with  fat  digestion  and  possibly  also  with  fat  absorption. 

In  the  course  of  her  200  days  in  the  hospital  she  was  subjected  to  a  second 
laparotomy,  and  a  culdoscopy.  Three  pieces  of  tissue  were  obtained  and  ap- 
parently all  again  revealed  the  same  findings  as  seen  on  the  previous  biopsy 
specimen. 

I  am  taking  at  its  face  value  the  failure  of  the  surgeons  at  both  laparotomies 
to  find  other  abnormalities  besides  the  nodules  scattered  through  the  peritoneum, 
and  diffuse  granular  overgrowth  at  the  second  operation. 

There  are  three  constellations  of  syndromes  in  this  patient  that  I  wish  to 
discuss. 

One  was  the  syndrome  of  toxic  hepatitis  and  jaundice  which  she  exhibited 
on  two  occasions,  both  related  to  drugs.  Withdrawal  of  paraaminosalicylic 
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acid  led  to  a  I'apid  clcariiiji;  of  the  jaundice  and  a  li\'ci'  l)i()])sy  pci'loi  incd  after 
pyrazinaniido  administration  showed  intrahepatic  cholestasis  consistent  with  a. 
dnifi;  hepatitis.  I  do  not  think  that  either  of  these  two  episodes  elucidates  tli(> 
fundamental  disease  from  which  this  patient  was  suffering. 

Secondly,  I  have  mentioned  the  malabsorption  syndrome.  The  features  which 
suggested  that  there  was  an  clement  of  malabsorption  was  that  she  was  of 
Puerto  Rican  extraction;  she  hatl  a  low  serum  calcium  on  one  occasion;  the 
stools  were  fatty,  the  serum  albumin  was  low  and  there  was  sufficient  diarrhea 
to  result  in  an  electrolyte  imbalance.  On  the  other  hand,  the  x-rays  of  the 
small  bowel  were  normal.  The  peroral  Crosby  capsule  biopsy  was  also  normal 
and  vitamin  and  prednisone  therapy  apparently  failed  to  influence  her  clinical 
course.  If  she  had  malabsorption,  it  would  certainly  seem  clear  that  she  did  not 
have  a  primary  form  of  malabsorption,  such  as  idiopathic  steatorrhea,  adult 
celiac  disease  or  tropical  sprue. 

If  she  had  secondary  malabsorption,  it  must  have  been  due  to  an  intra-ab- 
dominal disease  which  apparently  did  not  involve  the  mucosa.  We  certainly 
know  that  there  are  sampling  errors  in  small  bowel  biopsies,  but  in  a  disease 
such  as  adult  celiac  disease  or  the  other  varieties  that  I  will  mention,  one  ought 
to  get  some  glimpse  of  this  on  the  small  bowel  biopsy.  Therefore  I  do  not  be- 
lieve that  she  was  suffering  from  a  mucosal  lesion  of  the  small  bowel. 

I  now  must  grapple  with  the  basic  problem.  When  a  patient  developes  ascites 
in  advance  of  or  without  evidence  of  peripheral  edema,  one  must  look  for  a  local 
intra-abdominal  cause.  As  one  scans  the  list  of  diseases  the  first  one  to  be  con- 
sidered is  tuberculosis  of  the  peritoneum.  The  purified  protein  derivative  was 
positive  only  in  the  second  strength  but  this  does  not  rule  out  active  tuberculo- 
sis. Although  she  had  been  started  on  therapy,  failure  to  find  acid-fast  organ- 
isms on  three  biopsies  is  certainly  against  tuberculosis.  While  it  is  risky  to 
make  a  differential  diagnosis  based  on  the  response  to  therapy,  in  this  case  the 
therapeutic  response  was  uniformly  disappointing.  I  think  it  is  unlikely  that 
this  patient  had  the  disease  for  which  she  was  treated  vigorously. 

When  I  read  the  abstract  and  learned  about  the  mesothelial  cells  and  acute 
and  non-specific  inflammation  and  epithelial  cells,  I  also  thought  of  Hansen's 
disease,  but  I  never  heard  of  Hansen's  disease  confined  to  the  peritoneum,  and 
I  should  think  that  these  macrophages  would  have  been  loaded  with  acid-fast 
bacilli.  Therefore  I  must  eliminate  this  specific  form  of  infection. 

One  then  thinks  of  portal  hypertension  with  or  without  liver  disease  as  a 
cause  of  persistent  ascites.  If  she  had  portal  hypertension,  the  cause  was  not 
obvious.  The  common  clinical  findings  and  abnormal  liver  function  tests  of 
Laennec's  cirrhosis  or  portal  ciii-hosis  were  not  present.  The  patient's  course 
was  also  against  that  of  portal  hypertension.  There  was  no  evidence  of  conges- 
tive splenomegaly  or  hypersplenism.  Indeed  I  find  it  difficult  to  understand 
why  she  had  so  many  platelets.  I  assume  the  liver  biopsy  specimen  would  have 
shown  evidence  of  cirrhosis  if  it  had  been  present,  although  I  am  sure  a  sam- 
pling error  is  possible. 

Other  forms  of  portal  hypertension  do  not  seem  to  be  applicable  in  the 
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present  situation.  It'  she  did  havr  portal  liy|)i'i1('nsion,  the  low  scniin  alhuniin  in 
the  absence  of  liver  disease  would  have  to  be  explained. 

Since  she  came  from  Puerto  Rico,  she  could  have  had  portal  hypertension 
due  to  schistosomiasis  of  the  liver.  The  liver  function  tests  are  consistent  with 
this  diagnosis  and  on  liver  biopsy  the  characteristic  granulomas  may  be  missed. 
The  course  is  not  consistent  with  schistosomiasis,  so  that  I  am  very  uncom- 
fortable acribing  her  ascites  to  portal  hypertension  and  intrinsic  liver  disease. 
Furthermore,  the  liver  was  described  as  normal  at  the  first  exploration. 

In  addition,  one  has  to  think  of  mechanisms  that  prevent  the  outflow  or 
egress  of  lymph  from  the  abdominal  cavity.  If  the  ascites  were  chylous,  one 
would  think  of  retroperitoneal  lymph  node  in^•olvement  with  in^•asion  of  the 
lymphatic  channels. 

I  come  next  to  the  last  in  the  large  category  of  infectious  and  mechanical  or 
obstructive  lesions.  I  dismiss  carcinoma  of  the  pancreas.  Ovarian  carcinomas 
are  notorious  for  seeding  the  peritoneum  and  causing  ascites.  She  was  explored 
on  two  occasions  and  carcinoma  was  not  found. 

We  do  not  have  any  evidence  ujion  which  to  make  a  diagnosis  of  other  meta- 
static lesions. 

There  are  some  other  interesting  lesions  of  the  peritoneum  which  usually  lead 
to  an  accumulation  of  mucinous  fluid.  Pseudo-myxoma  peritonii  is  one.  It  may 
arise  from  a  mucocele  of  the  appendix,  and  there  was  an  interesting  report  last 
year  of  mucinous  fluid  involving  the  entire  peritoneum. 

Since  this  is  a  Clinical-Pathological-Conference,  I  considered  the  possibility 
that  the  macrophages  contained  PAS  staining  material.  Where  any  special  stains 
done? 

Dr.  Ihdiin:  Initially  we  just  looked  for  bacteria. 

Dr.  Jariowitz:  I  raise  the  question  since  a  variant  of  Whijiple's  disease  could 
be  possible.  However,  she  was  a  woman  which  somewhat  lessens  the  chances. 
The  small  bowel  biopsy  was  normal  and  I  have  never  heard  of  a  case  terminat- 
ing precisely  in  this  fashion. 

Although  the  lesions  did  not  look  like  granulomas,  one  has  to  consider 
Boeck's  sarcoid.  The  chest  film  w^as  normal  but  the  globulins  were  elevated. 
There  w-as  no  evidence  to  suggest  Boeck's  sarcoid  except  the  small  peritoneal 
nodules,  but  I  am  not  aware  of  any  patient  in  which  ascites  was  the  sole  mani- 
festation. She  also  did  not  respond  to  steroids. 

There  are  other  unusual  diseases  in  which  there  are  collections  of  macrophages, 
sometimes  containing  lipoidal  material.  It  is  conventional  to  list  them  under 
the  title  of  liistiocytosis-X.  As  I  understand  it,  there  are  combinations  of 
Hands-Schuller-Christian's  and  Lederer-Siewe's  disease  but  they  have  multi- 
ple system  involvement  including  bone  and  lung. 

Based  on  the  fact  that  there  were  mesothelial  cells  seen  on  the  biopsy  and 
that  there  was  a  persistent  accumulation  of  ascites  which  failed  to  respond  to 
specific  anti-bacterial  agents  and  steroids,  I  would  like  to  suggest  a  diagnosis 
of  mesothelioma,  a  malignant  tumor  of  the  mesothelial  cells.  Although  it  is 
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more  ('oiuiiH)iily  seen  in  the  |)lcura,  on  occasion  it  may  he  isolatcil  to  the 
peritoneum. 

Dr.  Rubin:  Arc  tliere  any  questions  for  Dr.  Janowitz? 

Q^iestion:  In  the  presence  of  a  normal  bowel  could  the  i)r(\sence  of  fluid  in  th<> 
peritoneum  mechanically  cause  such  a  condition? 

Dr.  Janowitz:  In  constrictive  pericarditis  there  may  he  a  piotcin  leak  pri'- 
sumably  from  dilated  lacteals  of  the  small  bowel,  but  evidence  of  gross  malab- 
sorption in  constrictive  jx'ricarditis  is  exti'emely  rare,  and  I  di<l  not  considci- 
it. 

Question:  Can  ciri'hosis  of  the  liver  with  ascites  or  tmiioi'  imi)]ants  of  the 
mesentery  produce  malabsorption? 

Dr.  Janoiritz:  There  is  some  evidence  for  im])aired  absorption  in  patients 
who  have  i)ortal  hypertension  and  Laennec's  cirrhosis.  There  has  l)een  a  con- 
siderable debate  as  to  whether  this  is  due  to  disease  of  the  small  bowel  or  to 
failure  of  fat  digestion,  due  to  bile  insufficiency.  The  biopsy  of  the  small  bowel 
usually  shows  a  normal  mucosa  in  cirrhosis.  The  few  cases  of  ascites  resulting 
from  ovarian  carcinoma  really  do  not  have  evidence  of  malabsorption,  unless 
lymph  nodes  are  involved,  as  is  seen  in  lymphosarcoma  with  lymphatic  ob- 
struction. 

Dr.  Rubin:  The  lungs  were  entirely  airless.  They  were  very  firm,  fleshy  and 
weighed  about  four  times  normal.  Microscopically  within  all  of  the  alveoli 
were  collections  of  polymorphonuclear  leucocytes.  She  died  of  bronchopneu- 
monia, the  terminal  event  of  a  cachectic  course. 

The  heart  showed  further  evidence  of  the  chronic  debilitating  nature  of  her 
disease.  It  was  small  and  exceedingly  brown ;  the  so-called  brown  atrophy  of  the 
heart,  which  we  generally  associate  with  extreme  old  age  or  a  debilitating  dis- 
ease. 

The  spleen  was  slightly  enlarged  and  was  covered  by  a  grayish-white  material. 
On  section  it  contained  large  amounts  of  iron,  a  result  of  the  blood  trans- 
fusions she  received. 

The  surface  of  the  liver  also  displayed  a  grayish-white  material  which  could 
be  easily  removed.  The  cut  surface  liad  an  accentuated  lobular  pattern  and 
there  were  numerous  small  reddish  areas  present  in  multiple  parallel  sec- 
tions. 

In  portal  tracts,  there  was  proliferation  of  small  bile  ductules  and  some  fibers, 
suggesting  that  the  insult  to  the  liver  was  of  some  duration.  There  was  no 
cirrhosis  and  no  disruption  of  the  lobular  architecture. 

The  presence  of  binucleated,  hyperchromatic  cells  was  evidence  of  a  minor 
but  prolonged  hepatic  regeneration  in  response  to  injury  and  was  further  evi- 
dence that  the  insult  to  the  liver  was  prolonged. 

Bile  was  present  in  dilated  canaliculi.  These  bile  thrombi,  together  with  the 
enlarged  portal  tracts,  represented  a  cholestatic  toxic  hepatitis,  jirobably  on  the 
basis  of  drug  therapy. 

The  small  i-ed  areas  seen  grossly  were  dilated  sinusoids  which  had  actually 


Fig.  3.  S'Tosal  surface  of  small  bowel  showing  minii'iims  snuiU  nodules. 
Fig.  4.  Microscoiiic  srdion  from  area  shown  in  previous  figure.  Note  chronic  inflammation 
and  hyperplastic  niesothelial  cells  (H  &  E  X  100). 
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Ix'comc  lar^c  blood  cont niiiiiif^  vessels  iFi^^.  2l.  No  ciidot  lirlial  liiiiiifi;  was 
present  and  they  resembled  ea\-ei'nous  sinuses  HikmI  hy  li\('i-  cells.  This  was 
peliosis  of  the  livei'.  Pcliosis  of  the  liver  has  been  associated  with  administra- 
tion of  anaboHc  steroids  (ll,  and  with  fil)rosing  peritonitis  (2).  This  woman 
received  testosterone  and  had  [leritonitis  but  a  causal  relation  is  not  definite. 

Large,  soft  plaques  occupied  a  large  part  of  the  peritoneal-omental  surface 
and  could  be  scraped  off  the  surface  (Fig.  3).  They  were  also  present  over  the 
pelvic  organs. 

The  entire  serosal  surface  of  the  small  bowel  resembled  a  clironie  fibrosing 
peritonitis. 

Grossly,  it  was  ditheult  to  decide  whether  this  was  an  infectious  oi-  neoplastic 
process. 

Microscopically,  mesothelial  cells  were  not  just  on  the  surface  of  the  perito- 
neum but  were  within  the  substance  of  the  mesentery.  The  cells  were  large,  and 
numerous  inflammatory  cells  were  also  scattered  throughout  the  peritoneum. 
In  areas  there  were  bizarre  clefts  lined  by  these  large  cells. 

The  serosal  surface  of  the  small  bowel  and  the  mesentery  had  a  chronic 
peritonitis  (Fig.  4)  but  within  the  peritonitis  was  the  same  cleft  formation  and 
lining  cells  arranged  in  a  palisade  form  (Fig.  5). 

The  diaphragm  also  had  on  its  surface  the  same  type  of  lining  and  in- 
flammatory cells.  We  are  confronted  with  a  process  which  did  not  extend  be- 
yond the  abdominal  cavity  but  which  involved  all  of  the  serosal  surfaces. 

These  cells  had  large  basophilic  cytoplasm,  vesicular  nuclei  and  very  i)rom- 
inent  nucleoli.  They  did  not  resemble  inflammatory  cells;  nor  were  they 
ordinary  hyperplastic  mesothelial  cells.  They  appeared  neoplastic. 

To  confirm  our  suspicions,  more  sections  were  taken  and  bizarre  patterns 
with  fronds,  papillary  formation  and  infiltration  of  the  serosa  were  seen  (Fig. 
6). 

This  was  a  peritoneal  mesothelioma,  a  rare  tumor.  About  30  cases  have  been 
reported  in  the  world  literature.*  Certain  criteria  are  necessary  for  diagnosis. 
It  is  restricted  to  the  abdominal  cavity,  although  three  cases  have  been  reported 
which  involved  the  pleural  cavity  by  direct  extension  (4) . 

The  course  should  be  prolonged  with  progressive  disability  and  ascites 
which  eventually  leads  to  the  patient's  demise.  Most  such  patients,  however, 
die  of  bronchopneumonia,  as  this  patient  did. 

Pathologically,  the  tumor  has  a  characteristic  appearance — that  is,  it  re- 
mains on  the  serosal  aspect  of  the  abdominal  viscera.  The  growth  is  progressive 
and  microscopically  various  patterns  can  be  seen.  In  this  case  we  saw  two 
patterns.  In  one,  many  clefts  were  lined  by  hyperplastic  mesothelial  cells 
which  were  actually  neoplastic.  The  other  pattern  was  diffuse  infiltration  with 
single  cells.  This  neoplasm  may  appear  as  a  fibroblastic  or  spindle  cell  tvinior. 
At  times  it  may  resemble  an  adenocarcinoma  although  closer  examination  will 
usually  reveal  that  there  is  no  true  gland  formation. 

*Note:  Since  this  Clinical-Pathological  Conference,  many  more  peritoneal  mesotheli- 
omas have  been  re]iorlf(|  associateil  with  asbestosis  (3,  4). 
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Fig.  5.  Section  from  mesentery  showing  clefts  lined  by  mesothelial  cells  {H  6:  E  100). 
Fig.  6.  Section  from  omentum  showing  papillary  frond-like  arrangement  of  tumor  (H 
&  E  X  200). 
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Metastases  arc  uncoiuinon,  hut  lymph  nodt'.s  arc  in\'()lvc(|  in  ahoiit  one  hall' 
of  the  cases.  Most  of  the  patients  arc  males  over  40  ycai's  of  ai^^c  hut  ahout 
seven  cases  have  l)ecn  I'cported  in  females. 

The  (Uagnosis  can  he  extremely  difficult  even  in  the  presence  of  tissue  l)iopsi(!s. 
In  the  largest  series  of  cases  reported  by  Winslow  (4),  they  were  able  to 
demonstrate  in  proved  cases  of  peritoneal  mesothelioma  ti'ansitions  between 
normal  mesothelial  cells,  hyperplastic  and  frankly  neoplastic  cells. 

In  all  three  biopsies  the  jmthologists  were  confronted  with  a  relatively 
non-specific  picture  which  could  occur  in  almost  any  tyj^e  of  a  chionic  perito- 
nitis. 

Final  Diagnoses: 

1.  PERITONEAL  MESOTHELIOMA 

2.  TOXIC  HEPATITIS 

3.  PELIOSIS  OF  LIVER 

4.  BRONCHOPNEUMONIA 
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CASE  NO.  258  ' 

This  82  year  olil  male  was  admitted  to  the  hosjiital  because  of  the  presence 
of  an  abdominal  mass.  The  jxitient  was  asymi)tomatic  in  that  he  had  no  ab- 
dominal iniin,  anorexia,  weight  loss  or  constipation. 

Physical  examination  revealed  a  grapefi'uit-sized.  slightly  tender  mass  in  the 
right  side  of  the  lower  abdomen.  There  was  no  evidence  of  hei.atomegaly  or 
splenomegaly.  There  were  no  enlarged  perijiheral  lymph  nodes. 

Laboratory  examination  revealed  a  hemoglol)in  of  7  Om  jier  cent,  an  ele- 
vated sedimentation  rate  and  a  4  plus  guaic  positive  stools. 

Barium  enema  was  performed  which  revealed  a  large  mass  in  the  cecal  re- 
gion (Fig.  lA.  arrow  Ai  with  an  area  of  ulceration  witliin  its  lateral  jiortion 
(Fig.  lA.  arrow  Cl.  The  mass  was  noted  to  extend  across  the  midline  and  to 
displace  the  mid-sigmoid  colon  to  the  left  (Fig.  lA,  arrow  B). 

Pressure  sjiot  films  of  the  cecal  region  confirmed  the  presence  of  an  irregular 
shallow  ulceration  (Figs.  IB  and  IC).  Nodularity  was  noted  along  the  edges  of 
the  ulcer  and  within  the  base  of  the  ulceration.  The  terminal  ileum  filled  by 
reflux  (Fig.  ICl.  and  appears  to  be  normal  in  calil;)er.  The  lesion  was  noted  to 
extend  to  the  ileo-cecal  valve. 

Because  of  the  findings  on  the  barium  enema,  a  laparotomy  was  performed 
which  revealed  a  large  neoplasm  in  the  cecum.  It  occupied  the  caput  coli  and 
contained  a  fiat,  nodular  ulceration.  An  ileo-colic  resection  was  jierformed  with 
an  ileo-transverse  colostomy.  The  mass  was  adherent  to  the  sigmoid  but  did 
not  invade  that  ])ortion  of  the  colon.  The  ileum  appeared  normal.  The  right 
ureter  was  dissected  free  from  the  mass.  The  specimen  revealed  a  grajiefruit- 
sized  mass,  and  the  ulceration  measured  7  cm  in  diameter.  Numerous  enlarged 
nodes  were  noted  within  the  mesentery.  ^Microscopic  diagnosis  of  both  the  tu- 
mor and  the  lymjih  nodes  was  lym]ihosarcoma.  The  patient  made  an  unevent- 
ful recovery. 

DISCUSSION 

Colonic  involvement  in  lymphosarcoma  is  rare  and  may  exist  as  a  localized 
ulcerating  mass,  as  in  the  present  case,  or  more  rarely  as  a  diffuse  submucosal 
infiltration  of  the  large  intestine  (1).  Although  it  is  difficult  to  differentiate 
the  isolated  lesion  of  lymphosarcoma  from  carcinomas,  the  presence  of  a  large 
bulky  le.-ion  with  a  shallow  bizarre  ulceration  should  suggest  the  correct  diag- 
nosis. In  cecal  lesions,  direct  involvement  of  the  terminal  ileum  is  more  fre- 
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Case  258,  Fig.  lA.  Barium  enema  examination  reveals  a  mass  arising  in  the  cecum 
(arrow  A)  with  a  shallow  ulceration  at  the  caput  coli  (arrow  C).  The  mass  extends  across 
the  midline  and  displaces  the  sigmoid  to  the  left  (arrow  B).  The  terminal  ileum  is  not 
filled  with  barium. 


Case  258,  Fib.  IB.  Pressure  spot  films  of  the  cecum  confirms  the  presence  of  a  shallow 
ulceration  (between  arrows).  The  ulcer  appears  to  be  nodular  along  its  edges  and 
throughout  its  base. 

Case  258,  Fig.  IC.  The  ulcer  is  again  well  seen  within  the  mass,  and  the  terminal 
ileum  which  is  filled  with  barium  appears  to  enter  the  mass  on  its  medial  aspect  (arrow). 
The  ileum  is  not  dilated. 
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than  in  carcinoma.  Because  of  the  hick  of  desniophisl  ic  i-eaction  in 
lyinphosai'conia,  nai'fowin^'  of  t  he  hunen  and  intesi  ina  I  olist  I'uct  ion  ai'e  I'are. 
Case  Keporl  :  ^^ mimiosaucoma  oi-'  tiik  cicci  M. 

a('K\o\vij:i)omk\t 

'I'hi'  editoi's  wish  to  tliaiii-c  Drs.  Kaufman  Walhich  and  Albert  S.  Lyons  for 
pei'inission  to  puhlisli  tiiis  case. 
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CASE  NO.  259 

Subiititted  by  Dr.  Murray  G.  Baron 

This  60  year  old  male  was  admitted  to  the  hospital  with  an  8  month  history 
of  dull  peri-umbilical  pain  of  a  progressive  nature.  The  pain  radiated  to  the 
back  and  was  not  related  to  food  intake.  There  was  no  associated  nausea, 
vomiting  or  anorexia.  There  was  no  w-eight  loss  or  jaundice. 

Physical  examination  was  negative  and  abdominal  palpation  revealed  no 
masses  or  enlarged  organs. 

Laboratory  examination  revealed  a  normal  hemogram  and  urinalysis  and 
normal  liver  ])rofile.  Secretin  tests  of  pancreatic  function  suggested  a  pancre- 
atic carcinoma. 

Oral  cholecystography  revealed  a  normal  gallbladder.  Three  sejiarate  gastro- 
intestinal series  were  performed,  and  although  there  was  irritability  of  the 
antrum  and  duodenal  bulb,  there  were  no  intrinsic  abnormalities  and  no  Roent- 
gen evidence  of  a  mass  in  the  head  of  the  pancreas  (Fig.  \K) . 

Because  of  the  typical  pain  pattern  suggesting  a  carcinoma  of  the  pancreas 
together  with  the  positive  secretin  test,  it  was  decided  to  perform  a  selective 
celiac  angiogram.  There  was  good  filling  of  the  celiac  axis.  It  was  noted  that 
there  were  at  least  two  definite  areas  of  narrowing  in  the  gastroduodenal 
branch  of  the  hepatic  artery.  The  artery  itself  was  somewhat  disi)laced  in  an 
arcuate  fashion,  and  just  immediately  superior  and  lateral  to  it,  a  tumor 
stain  was  noted  (Fig.  IB) . 

Because  of  the  angiographic  evidence,  an  exploratory  laparotomy  was  jier- 
formed,  and  an  infiltrating  carcinoma  of  the  head  of  the  pancreas  was  noted. 

iMscr.ssiox 

Because  of  the  inability  to  oi)acify  the  jjancreatic  parenchyma,  radiologic 
study  of  this  organ  has  been  largely  limited  to  those  lesions  that  extend  out- 
side the  normal  Ijoundaries  of  the  jiancreas.  The.se  lesions  are  detected  indi- 
rectly by  their  affect  on  adjacent  structures  such  as  the  duodenal  sweep  or  the 
stomach.  In  general,  the.se  lesions  must  be  relatively  large  and  often  are  far 
advanced  before  they  can  be  detected.  Oi)acification  of  the  pancreatic  blood 
vessels  allows  us  to  study  the  internal  structure  of  the  pancreas  to  some  extent 
and  helj)  detect  some  earlier  neoplasms. 
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As  the  blood  supply  of  the  pancreas  is  (IcrixTd  hotli  IVoiii  I  lie  ccliai-  and  su- 
perior mesenteric  arteries,  it  is  usually  necessary  to  opacify  both  of  these  ves- 
sels to  completely  study  the  iianci-eas.  The  techni(|ue  of  selective  celiac  artei'i- 
ograi)hy  is  not  difficult.  A  radiopa(|ue  polyethylene  cathetei-  witli  a  curved 
tip  is  inserted  percutaneously  into  the  femoral  artery  as  described  by  Seldin- 
ger.  The  catheter  is  then  advanced  under  fluoroscopic  control  to  the  region  of 
T12-L1,  the  curved  tip  is  directed  anteriorly  and  the  catheter  manipulated 
mitil  it  enters  tlie  celiac  artery.  Following  the  injection  of  this  vessel  the 
catheter  is  disengaged  and  moved  slightly  distally  until  it  enters  the  orifice  of 
the  superior  mesenteric  where  a  second  injection  is  made.  These  two  vessels 
can  be  injected  simultaneously  by  passing  a  second  catheter  thi'ough  the  oppo- 
site femoral  artery. 

In  the  case  presented,  numerous  gastrointestinal  series  were  performed  and 
there  were  only  functional  changes  noted  in  the  antrum  and  the  duodenal  bulb 
which  were  nonspecific  and  insufficient  to  suggest  the  presence  of  a  ]iancreatic 
lesion  (Fig.  lA).  Opacification  of  the  celiac  artery  and  its  branches,  however, 
indicated  finite  clearly  the  presence  of  a  carcinoma  in  the  head  of  the  pan- 
creas. Malignant  lesions  of  the  pancreas  infiltrate  the  j^arenchyma  and  there- 
fore do  not  i)roduce  much  disi)lacement  of  the  intrapancreatic  vessels  as  do 
benign  lesions  such  as  i)seudocysts.  The  infiltrating  tumor  grows  around  the 
vessels,  irregularly  constricting  and  distorting  them.  Such  variation  in  the  cali- 
ber of  the  vessel  (Fig.  IB  <+ )  is  definitely  abnormal  and  is  the  most  common 
angiographic  sign  of  malignancy  in  the  pancreas.  Another  common  finding  is 
the  presence  of  abnormal  new  vessels  within  the  tumor,  giving  the  appearance 
of  a  "stain."  (Fig.  IB  arrow).  Early  venous  filling  can  also  be  seen  through 
the  tumor  bed. 

Insufficient  exjjerience  has  been  accumulated  with  pancreatic  arteriography 
to  allow  an  accurate  evaluation  of  its  ultimate  role  as  a  diagnostic  tool  in  the 
study  of  pancreatic  lesions.  Pancreatic  carcinomas  can  be  detected  by  this 
method  and  benign  pancreatic  lesions  differentiated.  However,  how  much  more 
sensitive  this  technique  will  be  over  the  barium  study  of  the  stomach  and 
small  bowel  and  whether  this  will  be  sufficient  to  warrant  the  increased  time 

Case  259,  Fig.  lA.  Gastrointestinal  series  reveals  no  evidence  of  a  mass  in  the  head 
of  the  pancreas.  There  are  some  functional  changes  in  the  antrum  and  duodenal  bulb. 

Case  259,  Fig.  IB.  Selective  celiac  arteriogram,  frontal  view.  The  catheter  has 
been  passed  percutaneously  through  the  right  femoral  artery  and  advanced  through 
the  lumbar  aorta  (cath)  into  the  celiac  axis.  The  three  major  branches  of  the  celiac 
are  well  visualized  (H-hepatic  artery,  LG-left  gastric  artery,  SP-splenic  artery).  The 
dorsal  pancreatic  artery  (DP)  arises  from  the  hepatic  and  ramifies  in  the  body  of  the 
pancreas.  The  gastroduodenal  artery  (GD)  also  arises  from  the  hepatic  and  gives  off 
the  superior  pancreatico-duodenal  artery  (SPD)  before  it  becomes  continuous  with  the 
right  gastro-epiploic  (RGE).  Two  areas  of  narrowing  of  the  gastroduodenal  artery 
are  seen  (^)  in  relation  to  a  group  of  small,  irregular  new  vessels  (<  ).  These  indicate 
the  presence  of  an  infiltrating  lesion  in  the  head  of  the  pancreas. 
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and  effort  iinoh'cd  in  the  proccihii'c  ami  its  iiici'cascM I  inoi'hidity,  no  matter 
how  small,  is  not  known. 

Case  Report:  Carcinoma  of  the  pancreas  demonstrated  dv  selective 
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CASE  NO.  2(30 

SubDiiftcd  hi/  Dr.  Louts  Urinii 

The  patient,  a  71  year  old  female,  was  discovered  to  have  an  anemia  fonr 
months  jirior  to  her  hospital  admission.  Several  weeks  before  admission,  there 
was  the  onset  of  sharp,  nonradiating,  lower  abdominal  pain  not  related  to 
meals.  Soon  after  this,  constipation  was  noted.  The  patient  also  began  to  ex- 
perience nausea,  vomiting  and  fecal  eructations.  There  was  an  8  pound  weight 
loss. 

Examination  revealed  a  marked  fecal  odor  to  the  patient's  breath.  The 
heart  and  lungs  were  unremarkable.  A  large  upper  abdominal  mass  was  felt. 
There  was  no  hepatomegaly  or  splenomegaly.  Rectal  examination  was  nega- 
tive. A  marked  anemia  was  noted.  Barium  enema  at  this  time  showed  an  ir- 
regular narrowed  channel  in  the  transverse  colon  with  evidence  of  nodulation. 
There  was  destruction  of  the  mucosa  in  this  region.  Barium  also  outlined  a 
fistulous  tract  extending  to  the  region  of  the  greater  curvature  of  the  stomach. 
There  was  evidence  of  a  large  soft  tissue  mass  (Fig.  1).  The  impression  was 
that  of  a  large  carcinoma  of  the  tran.sverse  colon  with  fistulization  into  the 
stomach. 

At  exploration,  a  deeply  infiltrating  adenocarcinoma  of  the  transverse  colon 
with  a  fistula  into  the  stomach  was  found.  Much  of  the  tumor  was  present  as  a 
large  extra  colonic  mass  which  was  extensively  necrotic  and  at  the  same  time 
invading  the  stomach,  this  combination  of  factors  resulting  in  a  fistula.  A  sub- 
total gastrectomy  (Billroth  I)  and  an  ileotransverse  colectomy  were  per- 
formed, as  was  a  gastrostomy. 

DISCTI.S.SION 

Gastrocolic  fistulas  pi'imarily  result  from  peid'oi'ation  of  gastric  or  colonic 
carcinomas,  usually  of  an  advanced  stage  (1,  2).  Most  series  of  cases  list 
carcinoma  of  the  colon  as  a  more  likely  cause  of  gastrocolic  fistula  than  gas- 
tric carcinoma  (2,  3).  (^ther  etiologies  such  as  benign  gastric  ulcer  with  or 
without  previous  ulcer  surgery,  ulcerative  colitis,  tuberculosis,  regional  ileitis, 
pancreatic  neoplasms,  radiation  damage  and  trauma  can  produce  these  fistu- 
las but  are  less  common  (1,  4,  51.  It  should  be  noted  that  gastrocolic  fistulas 
differ  significantly  in  etiology  from  gastrojejunocolic  fistulas  which  almost 
always  are  nonmalignant.  Gastrojejunocolic  fistulas  occur  in  the  vast  majority 
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(if  cases  tVoni  pel  loral  inn  ol'  a  iiiai'iiiiial  ulcci'  after  pi'evidiis  >iii-!j;ei'v,  iiasti'o- 
eiitei'Dstoiny  ov  less  (■(iiiiiiKiiily  siilitdtal  ii;ast  I'eeloiuy,  fof  ilui)(lciial  iilcei-  (1,  2, 
3). 

Fecal  enictatioii  or  \-()initiii,ii;,  weight  loss  and  diaii'liea  arc  the  classical 
yyinplonis  iiK licat in;j:  a  fistnia  lietween  the  stomach  and  the  colon.  'I'lie  patient 


Case  260,  Fig.  1.  Barium  enema  reveals  a  constricting  carcinoma  of  the  mid-trans- 
verse colon  (lower  arrow)  with  overhanging  edges  and  destroyed  mucosa.  An  irregular, 
narrow  fistulous  tract  (upper  arrow)  is  noted  to  extend  through  a  mass  into  the  stomach. 
The  barium  outlining  the  stomach  entered  via  the  fistulous  tract. 

described  above  did  not  have  diarrhea  ai)parently  because  the  colon  carcinoma 
was  causing  a  low-grade  obstruction.  The  baiiuiii  enema  examination  is  much 
more  reliable  for  demonstrating  gastrocolic  fistulas,  or  even  gastrojejunocolic 
fistulas,  than  is  the  barium  meal  (2,  3.  6,  7).  Gastrointestinal  series  may  fail 
to  demonstrate  such  fistulas  in  over  half  the  cases.  At  times  it  may  be  difficult 
to  differentiate  gastrocolic  from  gastrojejunocolic  fistulas  on  barium  study. 
The  visualization  on  barium  enema  of  an  obstruction  in  the  transverse  colon 
with  fistulization  to  the  stomach  is  highly  indicative  of  a  malignancy,  as  be- 
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iiiiiii  procef^ses  causing  fistulization  arc  not  usually  associatc(l  with  colonic  ob- 
struction. 

Case  I^cport:  Carcixoma  or  traxsverse  colox  with  gastrocolic  fistula. 
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CASE  NO.  261 

Case  Submitted  by  Dr.  Carl  W.  Scheer 

A  73  year  old  white  male  was  in  good  health  until  four  weeks  before  ad- 
mission when  he  suffered  severe,  persistent  midepigastric  pain  with  vomiting, 
hiccups,  and  fever.  He  was  admitted  to  another  hospital,  where  a  diagnosis  of 
acute  i^ancreatitis  was  confirmed  by  laboratory  studies.  In  spite  of  conserva- 
tive therapy,  including  antibiotics,  his  sym]itoms  persisted,  and  he  transferred 
to  The  Mount  Sinai  Hospital. 

On  admission,  physical  examination  disclosed  a  left  ujiper  quadrant  tender 
mass,  hyperactive  bowel  sounds,  and  a  fever  ranging  between  101  °F.  and 
103°F.  Radiographic  examination  disclosed  several  small  and  medium  sized 
gas  bubl)les  in  the  left  uiijier  quadrant  lying  outside  the  gut  within  a  large 
soft  tissue  mass  (Fig.  lA  and  IB).  Barium  meal  examination  showed  the  gas- 
containing  mass  to  be  displacing  the  stomach  anteriorly,  and  the  ligament  of 
Treitz  caudad  (Fig.  IC  and  ID).  The  splenic  flexure  was  displaced  downward. 
The  impression  w-as  that  of  a  gas-containing  pancreatic  abscess,  or  al)scess  of 
the  lesser  sac  of  pancreatic  origin. 

Lajjarotomy  was  jierformed,  and  a  large  abscess  with  thick  pus  was  en- 
countered in  the  body  and  tail  of  the  ])ancreas.  Within  the  abscess  cavity  were 
necrotic  pieces  of  pancreatic  tissu(>.  Drainage  of  the  abscess  was  performed. 
The  culture  revealed  E.  coli. 

Postoperatively,  the  patient  had  spiking  fevers,  elevated  blood  urea  nitro- 
gen, and  drainage  of  a  bloody,  high-amylase  containing  serous,  and  occasion- 
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:illy  purulent,  inatci'ial  Iroiu  the  incisioiuil  wound.  Cullurc^  cont inuc( I  lo  jii-ow 
E.  coli  on  occasion. 

DISCISSION 

The  roentgen  inani iVstations  of  acute  pancreatitis  have  been  extensively 
described  in  the  Hterature.  Findings  include  separation  of  the  stoinacli  from 
transverse  colon,  obliteration  of  the  left  ujiper  psoas  margin,  sentinel  loop  oi 
the  colon,  basal  pleural  effusion,  and  poorly  defined  scattered  areas  of  in- 
creased density  in  the  al)domen  representing  areas  of  saponification.  The  latter 
is  more  often  associated  with  a  more  chronic  form  of  the  disease.  Occasionally, 
a  i)anci('atic  abscess  may  form  and  localize  in  the  lesser  sac,  subphrenic  area, 
gastrocolic  ligament,  pericecal  region  or  ])soas  area,  or  it  may  penetrate  the 
diaphragm  to  give  an  empyema  (1,  2l. 

Six  cases  of  acute  i)ancreatitis  with  gas-containing  abscesses,  an  uncommon 
comiilication,  were  described  by  Felson  (3).  These  were  indistinguishable 
clinically  from  pancreatitis  without  abscess  formation.  On  X-ray  examina- 
tion, the  distril)ution  of  gas  varied,  being  throughout  the  pancreas  in  some 
cases,  and  localized  in  others.  In  4  out  of  5  pathologically  jiroven  cases,  the 
abscess  was  founci  to  involve  the  lesser  sac.  Cultures  were  performed  in  only 
2  cases,  one  sterile  and  one  E.  coli.  The  X-ray  findings  in  the  6  cases  corre- 
sponded closely  to  those  found  in  the  propositus,  and  included  gas  bubbles 
behind  the  stomach;  displacement  of  the  stomach  anteriorly,  ligament  of 
Treitz  downward,  and  splenic  flexure  downward;  ileus;  absent  psoas  shadow 
on  the  left ;  altered  mucosal  pattern  of  the  dital  duodenum. 

The  diagnosis  of  gas-containing  pancreatic  abscess  should  be  strongly  sus- 
pected by  the  characteristic  amorphous  bubbles  of  gas  which  are  demonstrated 
to  lie  outside  of  the  GI  tract  by  appropriate  barium  studies.  The  location  in 
the  left  upper  cjuadrant  behind  the  stomach  and  the  displacement  of  the  liga- 
ment of  Treitz  should  localize  the  abscess  to  the  pancreas  or  lesser  sac. 

Case  Report:  0.\s-cont.\ining  paxcre.\tic  abscess. 
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Spoiitaiieoiis  Pt'rloralioii  of  the  Kwopliagiis:  A  l{«'|)orl 
of  Four  Consecutive  Sueeessfully  I'reated  Case;^ 

GUISEPPI  ROSSI,  M.D.,  and  DAVID  A.  DliKUJXC;,  M.D. 
New  York,  N.  Y. 

The  diagnosis  of  spontaneous  rupture  of  the  esopliagus  is  being  made  with 
increasing  freciuency  on  clinical  grounds.  Despite  reported  surgical  cures, 
morl)idity  and  mortality  are  still  very  high  for  a  disease  that  is  essentially 
benign.  This  is  a  report  on  four  consecutive  cases  successfully  treated  by 
surgery. 

CA.SE  NO.  1 

A  46  year  old  white  male  was  seen  in  the  emergency  room  on  11/7/62,  five 
hours  after  the  sudden  onset  of  severe  substernal  and  epiga.stric  pain  with 
vomiting.  The  jiatient  gave  a  history  of  occasional  heavy  drinking,  including 
the  evening  before  the  onset  of  his  illness.  Blood  pressure  was  100/80,  pulse 
rate  100,  temperature  98°F.,  white  blood  cell  count  14,000  and  amylase  160 
Somogyi  units.  X-rays  of  the  abdomen  and  chest  were  reported  as  negative.  A 
line  of  retrocardiac  density  in  the  left  side  was  described.  The  patient  had 
marked  upper  abdominal  involuntary  rigidity  and  tenderness.  A  lajiarotomy 
was  performed  5  hours  after  admission.  A  small  amount  of  clear  fluid  and 
some  retrograde  gastric  edema  was  found.  The  jjancreas  appeared  normal. 
Following  operation,  the  patient  went  into  a  state  of  shock  requiring  blood 
transfusions  and  vasopressors  for  the  next  2  days.  On  the  second  postopera- 
tive day  1000  cc  of  straw-colored  fluid  were  aspirated  from  the  right  chest. 
Many  pus  cells  and  amylase  activity  of  715  Somogyi  units  were  found  on 
examination  of  this  fluid.  On  the  third  postoperative  day  an  intercostal  tube 
was  inserted  to  treat  a  hydropneumothorax  present  on  the  right  side.  On  the 
fourth  postoperative  day  the  patient  had  stable  vital  signs,  a  temperature  of 
104°F.,  but  was  slightly  confused.  Hydropneumothorax  was  still  present  in 
the  right  side.  Barium  swallow  showed  extravasation  of  contrast  medium  into 
the  right  pleura  (Fig.  1).  Exploration  through  a  right  thoracotomy  revealed 
a  2  X  2  cm  old  perforation  of  the  right  wall  of  the  esophagus  1  inch  above  the 
diaphragm.  The  lung  was  comjiressed  and  encased  in  a  thick,  soft,  fibrinous 
coat.  A  large  amount  of  bile-stained  fluid  filled  the  right  pleural  space.  De- 
cortication was  done  and  the  perforation  closed  with  chromic  catgut  sutures. 
The  pleural  cavity  was  drained.  A  gastrostomy  was  performed  thi-ough  a 
separate  abdominal  incision.  The  patient  was  much  improved  following  this 
surgery.  On  the  third  postoperative  day  a  well-drained  CL-ophagocutaneous 

From  the  Department  of  Surg(-ry,  City  Hospital  Cent;<r  Elmhurst,  Affiliate  The  Mount 
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fistula  (Icvt'lopcMl.  The  lung  rt'inainrd  ex])an(le(l.  At  discharge,  the  patient  still 
had  a  small  esophagopleurocutaneous  fistula  hut  was  otherwise  well  and 
tolerating  oi'al  feedings. 


Fig.  1.  (Case  1)  Barium  .swallow  showing  right  pleural  effusion  and  extravasation  of 
barium. 

CASE  NO.  2 

A  67  year  old  white  man  was  seen  in  the  emergency  room  on  1/10/65,  one 
hoar  after  the  onset  of  back  pain  associated  with  vomiting.  The  patient  was 
a  habitual  drinker.  His  chief  complaint  was  that  of  acute  distress  due  to  diffi- 
culty in  breathing  and  also  to  severe  back  pain  which  radiated  to  both 
shoulders.  The  patient  preferred  to  sit  up  during  physical  examination.  He 
was  diaphoretic,  with  blood  pressure  of  180,  80  and  a  pulse  rate  of  100.  Sub- 
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futaneous  oinpliyseina  was  present  in  tlic  right  supraclavicular  region.  The 
white  blood  cell  count  was  17,000.  Chest  x-rays  showed  a  non-specific  retro- 
cardiac  density.  No  identification  of  mediastinal  emphysema  was  made. 
Barium  swallow  showed  supradiaphragmatic  extravasation  on  the  left  side. 
Six  hours  after  the  onset  of  symptoms  a  left  thoracotomy  and  closure  of  the 
perforation  in  two  layers  was  done.  The  patient  developed  delirium  tremens 
and  indmonary  complications  immediately  after  surgery.  An  esophageal  fis- 
tula with  mediastinal  abscess  was  drained  through  a  posterior  mediastinotomy 
approach  on  the  tenth  postoperative  day.  A  feeding  duodenostomy  was  also 
performed.  The  esophageal  fistula  closed  spontaneously  within  2  months.  The 
patient  was  discharged  75  days  after  admission. 

CASE  NO.  3 

A  54  year  old  white  man  reported  to  the  emergency  room  on  12/14/64  be- 
cause of  persistent  vomiting  and  vague  substernal  distress  of  24  hours  dura- 
tion. The  patient  was  a  habitual  drinker.  While  he  was  being  examined,  he 
complained  of  severe  chest  pain  and  vomited  frank  blood.  He  became  dia- 
phoretic and  cyanotic,  with  blood  pressure  of  100/80  and  pulse  rate  of  126. 
Chest  x-ray  was  negative  and  white  blood  cell  count  was  7,000  with  a  hemato- 
crit of  77%.  By  the  time  he  reached  the  ward  the  patient  was  in  severe  re- 
spiratory difiiculty  and  had  a  blood  pressure  of  60/0.  A  repeat  chest  x-ray 
showed  hydropneumothorax  on  the  left  side.  There  was  considerable  tension 
and  mediastinal  shift.  An  intercostal  tube  was  inserted  with  expansion  of  the 
lung  and  drainage  of  1000  cc  of  blood.  Despite  replacement  of  blood  loss  and 
expansion  of  the  lung,  the  blood  pressure  remained  below  60  systolic  and  the 
pulse  rate  at  140.  Barium  swallow  on  two  occasions  at  3  hour  intervals  showed 
no  abnormality.  Examination  of  the  pleural  blood  showed  a  pH  of  5.0.  The 
patient  was  taken  to  the  operating  room  with  a  blood  pressure  of  50/0.  The 
tentative  diagnosis  was  that  of  ruptured  esophagus.  The  only  support  for  this 
diagnosis  was  the  finding  of  a  low  pH  in  the  pleural  blood  and  the  concomitant 
hematemesis  and  intrapleural  hemorrhage.  Following  induction  of  anesthesia 
the  pulse  and  blood  pressure  were  not  obtainable.  Supportive  therapy  did  not 
restore  the  blood  pressure  and  the  decision  was  made  to  operate  despite  the 
presence  of  shock.  A  left  thoracotomy  was  performed  and  a  I14  inch  lacera- 
tion of  the  esophagus  and  overlaying  pleura  was  found.  About  300  cc  of 
bloody  fluid  was  present  in  the  pleural  space.  A  careful  search  was  made  for 
additional  rents  in  the  mucosa  of  the  gastroesophageal  junction  but  none  were 
found.  The  laceration  was  closed  in  two  layers  using  intei-rupted  silk  sutures. 
The  patient  showed  marked  and  rapid  improvement  following  evacuation  of 
the  pleura  and  opening  of  the  mediastinum.  By  the  time  the  chest  wall  was 
being  closed  the  blood  pressure  was  over  100  systolic  and  the  pulse  rate  was 
110.  A  gastrostomy  was  done.  The  patient  had  an  uneventful  postoperative 
course.  He  was  placed  on  oral  feedings  by  the  sixth  postoperative  day  and 
was  discharged  on  the  20th  postoperative  day.  No  fistula  nor  abscess  devel- 
oped. 
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CASE  NO.  4 

This  32  year  old  Negro  man  was  seen  in  ihv  oinergcnoy  room  on  4/20/65. 
The  patient  was  intoxicated,  liad  generalized  body  tremors,  was  very  appre- 
hensive, incoherent  and  complained  of  severe  substernal  pain.  The  patient  was 


Fig.  2.  (Ca.se  4)  Chest  film  showing  minimal  mediastinal  emphy,sema,  i.e.,  faint  out- 
lining of  both  right  and  left  visceral  mediastinal  pleurae. 

an  inveterate  alcoholic.  No  clear-cut  history  of  vomiting  could  be  obtained. 
^^'hen  first  seen,  he  had  blood  pressure  of  140/70,  j^ulse  rate  of  78,  white 
blood  cell  count  of  20,000  and  serum  amylase  of  93  Somogyi  units.  Chest 
X-ray  was  reported  as  normal,  although  in  retrospect  early  evidence  of  medi- 
astinal emphysema  was  present  (Fig.  2). 

The  patient  was  admitted  for  observation  but  within  the  next  6  hours  his 
general  condition  deteriorated.  He  had,  at  this  time,  a  temperature  of  103°F., 
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blood  pressure  of  100/80  and  pulse  rate  of  140.  Supraclavicular  subcutaneous 
emphysema  was  now  evident  and  chest  X-ray  revealed  extensive  air  dissection 
of  the  mediastinum.  The  patient  was  then  immediately  explored  through  a  left 


Fig.  3.  (Case  4)  Schema  indicating  technique  of  utilizing  fundal  patch  to  reinforce 
mediastinal  repair. 


thoracotomy,  with  a  tentative  diagnosis  of  esophageal  perforation.  This  was 
approximately  10  hours  after  admission.  Barium  swallow  was  not  attempted. 
Exploration  revealed  that  the  mediastinal  pleura  was  not  ruptured  but  an 
esophageal  tear  was  present  in  the  usual  place,  just  above  the  diaphragm. 
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The  entire  luediastinuiii  was  extensively  dissected  by  air  and  a  large  amount 
of  thin,  greyish  fluid  with  putrid  odor  was  noted.  At  the  site  of  rupture  and 
along  the  edges  of  the  separation,  the  wall  of  the  esophagus  was  necrotic.  The 
remainder  of  the  esophageal  wall  was  edematous  and  acutely  inflamed.  A 
single  layer  closure  was  done  with  loosely  tied  silk.  The  cardia  was  next 
herniated  through  the  esophageal  hiatus  and  the  intact  gastric  w'all  was  su- 
tured around  the  esophageal  tear  as  an  external  patch  (Fig.  3).  A  radial 
counter  incision,  which  had  been  made  in  the  diaphragm  to  facilitate  hernia- 
tion of  the  stomach,  was  now  closed  with  silk  sutures.  A  gastrostomy  was 
done  through  a  separate  incision.  At  the  end  of  the  jM'ocedure  the  pulse  rate 
w^as  110  and  of  good  quality.  The  blood  pressure  w'as  120/80.  Postoperatively 
the  patient  deA-eloped  delirium  tremens  and  a  right  ])leural  effusion  which 
required  aspiration.  The  j^atient  was  placed  on  oral  feedings  on  the  sixth 
postoperative  day.  Barium  sw-allow  performed  after  operation  showed  no  dis- 
tortion and  no  evidence  of  hiatus  hernia  (Fig.  4l.  The  patient  was  discharged 
20  days  postoperatively  in  excellent  condition. 

DISCUSSION 

During  the  act  of  vomiting  gastric  contents  are  suddenly  and  forcibly  re- 
leased into  the  esophagus.  The  esophageal  wall  ruptures  when  the  intraluminal 
pressure  exceeds  its  bursting  pressure,  estimated  to  be  3.5-4.0  pounds  per 
square  inch.  Heavy  alcohol  intake,  esophagitis  and  proximal  obstruction  or 
spasm  of  the  esophagus  are  predisposing  factors.  In  the  majority  of  cases,  a 
longitudinal  tear  is  found  on  the  left  side  in  the  low^er  third  of  the  esophagus. 
A  fulminating  mediastinitis,  at  first  chemical  and  then  bacterial,  occurs,  fol- 
lowed by  a  pleuritis.  Spontaneous  perforation  of  the  esophagus  results  in  a 
mortality,  if  untreated,  of  25  per  cent  in  the  first  12  hours  and  70  per  cent  by 
24  hours. 

A  history  of  heavy  alcohol  intake,  with  vomiting  followed  by  sudden  sub- 
sternal and  ejMgastric  pain,  is  typical  and  suggests  the  diagnosis.  Diagnostic 
findings  are  mediastinal  and  subcutaneous  emphysema,  hydropneumothorax 
and  extravasation  of  orally  administered  contrast  media.  Important  as  these 
clues  are,  they  may  be  absent  or  may  appear  late  in  the  course  of  the  disease. 

On  admission,  only  one  of  our  cases  had  clearly  demonstrable  mediastinal 
and  subcutaneous  emphysema.  In  another  patient  mediastinal  emphysema 
was  present  but  was  so  minimal  that  it  was  missed  in  the  preliminary  reading 
of  the  chest  x-ray.  Hydropneumothorax  was  absent  in  all  4  cases  on  the  ad- 
mission x-ray  films.  In  one  patient  it  appeared  within  2  hours  and  in  another 
patient  it  was  demonstrated  3  days  later.  Neither  of  these  two  patients,  how- 
ever, showed  evidence  of  mediastinal  emphysema  which  was  the  dominant 
finding  in  the  two  cases  with  intact  pleura.  An  esophagogram  with  demon- 
stration of  extravasation  is  the  only  confirmatory  diagnostic  test.  Extrae- 
sophageal  extravasation  was  jiresent  in  two  of  our  patients.  In  another  pa- 
tient esophagography,  though  repeated  twice  within  3  hours,  was  negative.  At 
surgery  the  esophageal  tear  was  occluded  by  fibrin  clot.  In  the  fourth  case  an 
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osoi)liagOf;;ram  was  not  done.  In  those  patients  witli  perlorat  ion  oi  the  ph'Ui'a, 
l)leural  aspiration  might  reveal  ingested  dyes  oi'  foodstuir.  A  low  pi  I  indicates 
containination  by  gastric  juice.  In  one  of  our  patients  the  ])leural  lluid  had  an 
amylase  actiA'ity  of  750  Somogyi  units.  His  alidoiinnal  findings  were  so  prom- 


FiG.  4.  (Case  4)  Postoperative  barium  swallow  showing  neither  thslortion  of  the  ter- 
minal esophagus  nor  hiatus  hernia  despite  use  of  a  fundal  patch  in  the  esophageal  closure. 

inent  that  an  exjiloratory  laparotomy  was  done  on  the  day  of  admission  with 
negative  findings. 

A  high  amylase  activity  of  the  pleural  fluid  has  been  previously  reported  in 
a  case  which,  at  postmortem,  showed  no  disease  of  the  pancreas  but  rather 
a  perforation  of  the  esophagus.  However,  hemorrhagic  pancreatitis  in  a  pa- 
tient with  Mallory-Weiss  syndrome  has  also  been  described.  Spontaneous 
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perforation  of  tlie  (';;oi)hagU8  and  acute  pancreatitis  share  the  conunon  back- 
ground of  heavy  alcohol  intake.  In  borderline  cases  the  clinical  picture  may 
be  very  similar.  In  the  differential  diagnosis  it  is  important  to  remember  that 
both  may  be  present  at  the  same  time. 

Chest  x-rays  showed  some  degree  of  abnormality  in  all  four  patients.  While 
not  always  diagnostic,  these  findings  are  present  early  aad  should  alert  to  the 
possibility  of  intrathoracic  disease.  A  non-specific  retrocardiac  density  was 
described  in  three  of  our  patients.  It  is  desirable  to  verify  the  diagnosis  before 
subjecting  these  very  sick  patients  to  major  surgery  but  this  is  not  always 
possible. 

Occasionally  the  diagnosis  is  strongly  suspected  only  by  exclusion  and 
only  after  the  development  of  clinical  manifestations.  Absence  of  pneumo- 
mediastinum or  failure  to  demonstrate  extravasation  of  contrast  media  are 
considered  by  some  to  be  sufficient  grounds  to  withhold  operation  and  wait  for 
the  appearance  of  positive  diagnostic  criteria.  One  of  our  patients,  however, 
was  explored  without  delay  in  the  absence  of  definite  evidence  for  perforation. 
There  is  some  doubt  that  he  would  have  survived  for  the  time  necessary  to 
establish  the  diagnosis  preoperatively.  Considering  the  high  early  mortality 
of  untreated  cases,  it  would  appear  to  us  that,  when  there  is  strong  suspicion 
but  no  proof,  surgery  is  perhaps  more  justifiable  than  observation.  In  all  cases 
a  thoracotomy  was  done  regardless  of  the  elapsed  time.  All  these  patients 
were  in  j^oor  condition  and  poor  anesthetic  risks.  One  was  actually  without 
measurable  blood  pressure  or  palpable  pulse  at  the  time  of  thoracotomy.  In 
this  patient  an  immediate  and  dramatic  improvement  followed  evacuation  of 
pleural  and  mediastinal  fluid.  In  another  patient  explored  three  days  after 
perforation,  although  his  cardiovascular  status  was  more  stable,  marked  im- 
provement followed  rapid  decortication  and  evacuation  of  pleural  contents 
consisting  of  ingested  material  and  pus.  As  pointed  out  l)y  others,  gastric 
juice  within  the  mediastinum  and  pleura  tends  to  perpetuate  a  shock-like 
condition  which  does  not  respond  to  conventional  treatment  and  can  be  cor- 
rected only  by  adequate  drainage.  For  this  reason,  quite  apart  from  the  ex- 
pectation of  a  successful  esophageal  closure  and  also  because  tube  drainage  is 
unreliable  in  the  presence  of  fibrin  clots,  we  think  that  a  thoracotomy  should 
be  used  in  all  cases.  Moreover,  surgery  should  not  be  postponed  when  indi- 
cated because  of  the  extremely  poor  condition  of  the  patient.  Surgery  seems 
to  be  tolerated  much  better  than  delay  in  drainage,  a  situation  usually  true 
for  other  perforated  viscera. 

Closure  of  the  perforation  was  done  in  all  cases.  In  one  case  esophageal 
fistula  was  present  on  the  third  postoperative  day.  This  patient,  operated  on 
the  third  day  after  perforation,  had  a  persistent  small  fistula  at  the  time  he 
left  the  hospital  four  months  postoperatively.  In  another  patient  reperfora- 
tion  occurred  on  the  sixth  postoperative  day  which  required  posterior  medi- 
astinotomy.  The  fistula  closed  within  two  weeks.  In  a  third  patient,  despite 
early  surgery,  there  was  such  esophageal  tissue  damage  that  only  a  single 
layer  incomplete  closure  could  be  made.  A  fundoplasty  was  used  to  reinforce 
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the  closui'c  line.  This  ])atic'nt  had  an  uiicx-ciitlul  po.stoperativc  four.s(\  In  npite 
of  the  fact  that  it  is  not  always  successful  and  sometimes  impossible,  closure 
is  the  stated  aim  of  surgery.  Tli(>  technique  of  using  an  external  patch  of  highly 
vascularized  fundic  gastric  wall,  as  proposed  recently,  seems  to  offer  a  con- 
venient alternative  in  those  cases  otherwise  doomed  to  prolonged  morbidity 
or  eventual  mortality  from  an  esophageal  fistula.  In  the  fourth  case  a  two- 
layer  closure  of  the  perforation  healed  well  with  an  uneventful  postoperative 
course. 

SUMMARY 

Four  consecutive  cases  of  successful  closures  of  spontaneous  esophageal 
perforation  are  presented.  The  symptomatology,  diagnostic  features,  surgi- 
cal management  and  complications  are  discussed.  Prompt  surgery,  adequate 
drainage  of  the  chest  and  mediastinum  and  mechanical  closure  of  the  perfora- 
tion will  reduce  the  high  morbidity  and  mortality  of  this  condition. 


Piiliiioiiary  Eosinophilic  (w'aniiloma 

Aspects  of  Pulmonary  Function 

E.  LESLIE  CHUSID,  M.D. 
Neu'  York,  N.  Y. 

IXTRODUCTION 

In  IGoS,  Hi.>^tiocyto!^i8  X  was  presented  as  a  distinot  entity,  a  relationship 
having  been  estabhshed  between  the  features  of  Letterer-Siwe  disease,  Hand- 
Schuller-Christian  disease  and  eosinophilic  granuloma  fl).  Numerous  reports 
attest  to  the  fact  that  Histiocytosis  X  may  be  fo\md  in  disseminated,  focal,  or 
combined  forms.  Since  1928,  at  least  sixty-three  cases  of  pulmonary  eosino- 
philic granuloma  have  been  reported  in  the  English  literature,  either  with 
pulmonary  involvement  by  itself,  or  as  part  of  the  disseminated  form  (2-8 1. 
Various  titles  asci-ibed  to  the  pulmonary  involvement  (2)  include:  1)  Pulmo- 
nary Eosinophilic  (Iranuloma,  2)  Eosinophilic  Granuloma  of  the  Lung.  3) 
Pulmonary  Histiocytosis  X,  4)  Primaiy  Pulmonary  Histiocytosis  X,  and  5) 
Chronic  disseminated  Histiocytosis  X  with  early  extra-skeletal  lesions  (pul- 
monary) resembling  eosinophilic  granuloma. 

Only  a  few  of  these  cases  have  had  serial  studies  of  jndmonary  function 
tests  in  an  attemj^t  to  understand  the  progressive  nature  of  the  disease.  The 
jiurpose  of  this  jiaper  is  twofold:  1)  to  present  two  cases  of  pulmonary 
eosinophilic  granuloma,  with  results  of  serial  pulmonary  function  tests  over  a 
long  period  of  time,  and  2)  to  correlate  previous  data  from  the  literature  with 
these  two  cases  in  an  attempt  to  link  the  j:)ulmonary  function  tests  with  the 
pathologic  process  at  the  time  of  test  performance. 

METHODS 

Lung  volume  studies  in  1961  and  1964  were  performed  on  the  two  patients 
using  a  closed  circuit  spirometer.  The  functional  residual  capacity  was  deter- 
mined by  the  closed  circuit  helium  dilution  method,  and  residual  volume  cal- 
culated by  subtracting  the  expiratory  reserve  volume  from  the  functional 
residual  capacity.  Ventilation  was  measured  with  the  subject  breathing  room 
air  and  a  mixture  containing  fourteen  per  cent  oxygen  and  eighty-six  per  cent 
nitrogen.  Simultaneous  anaei'obic  collections  were  made  of  arterial  blood  and 
expired  gases  after  the  patient  had  achieved  steady-state  insjuration  of  the 
various  gas  mixtures. 

Arterial  blood  and  expired  gases  were  analyzed  as  previously  described  (9), 
and  the  respiratory  quotient,  oxygen  consumption  and  alveolar-arterial  oxy- 
gen gradient  were  then  calculated.  Arterial  oxygen  and  carbon  dioxide  were 

From  the  Cai'dio-Piilmonar.y  Laboratory,  Medical  Service,  Veterans  Administration 
Hospital,  Bronx,  N.  Y.  (Present  address  of  author:  Pulmonary  Function  Laboratory,  The 
Mount  Sinai  Hospital  Ehnhurst  Services  Unit,  Elmhurst,  N.  Y.) 
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nieu.sured  by  direct  elect  rode  lecliiii<iiies  usin^i;  ;i  meter  desi}2;ned  I'oi'  tliis.  'I'lie 
measured  oxygen  satui'atioii  and  the  oxygen  saturation  calculatcil  t>oin  the 
dissociation  curve  agrei'd  in  eacli  sanii)le. 

Dynamic  lung  compliance  was  measured  iVoiu  st'veral  tidal  \i)hiiiies  by  a 
method  of  Mead.  This  techniciue  and  noi'iiial  \  alues  liave  prex  iously  been  im- 
ported from  tins  laboratory  tlOl. 

CASE  REPORTS 

Case  No.  1 

A  30  year  old  white  male  teacher  was  admitted  to  the  Bronx  Veterans  Ad- 
ministration Hospital  foi'  the  second  time  in  September,  1964,  for  reevaluation 
of  eosinophilic  granulonui  involving  bone  and  lung. 

The  diagnosis  of  eosinophilic  granuloma  of  bone  was  first  made  in  February, 
1954,  at  age  19  in  an  Air  Force  hospital.  A  skeletal  survey  performed  at  that 
time  because  of  bone  pain  revealed  cystic  areas  in  the  left  femur  and  right 
parietal  region  of  the  skull.  Biopsy  specimens  substantiated  the  diagnosis 
and  from  September,  1954,  to  March,  1961,  the  patient  received  intermittent 
radio-therapy  to  these  areas  for  recurrent  pain. 

In  March,  1961,  a  routine  chest  film  showed  a  "lacy  appearance,"  the  major 
symptoms  at  this  time  being  anorexia,  weight  loss,  and  cough.  The  only  other 
pulmonary  complaint  e\-er  noted  was  in  August,  1954,  when  the  patient 
experienced  left  pleuritic  chest  pain  which  subsided  spontaneously.  A  left 
open  lung  biopsy  in  September,  1961,  revealed  eosinophilic  granuloma  (Fig.  1). 
Bronchoscopy  and  a  scalene  node  biopsy  were  not  remarkable. 

In  October,  1961,  the  patient  was  transferred  to  the  Bronx  Veterans  Ad- 
ministration Hospital  for  pulmonary  evaluation.  A  chest  film  showed  "fine 
interstitial  markings"  throughout  both  lung  fields;  pulmonary  function 
studies  are  shown  in  Table  I.  A  slight  reduction  in  lung  volumes  along  with 
venous  admixture  and  dift'usion  impairment  were  demonsti'ated.  The  patient 
was  treated  with  bronchodilators  and  antibiotics  witli  clinical  improvement. 

From  1961  until  August,  1964,  the  patient's  chest  film  changed  from  a  lacy 
appearance  to  a  diffuse  reticular-nodular  infiltrate  with  honey-combing  (Fig. 
2).  In  August,  1963,  lung  volumes  were  still  slightly  reduced.  In  August,  1964, 
the  patient  developed  a  new  lytic  lesion  in  the  right  femur  and  pulmonary 
function  studies  (Table  Ij  now  revealed  an  increase  in  residual  volume, 
arterial  unsaturation  at  rest  and  the  same  level  of  venous  admixture  and  diffu- 
sion impairment.  The  chest  film  at  this  time  showed  the  "honeycomb"  ap- 
pearance. The  patient  was  discharged  in  October,  1964.  without  further  treat- 
ment. 

Coincident  with  this  patient's  disease  process,  a  diagnosis  of  paranoid 
schizophrenia  was  made  in  January,  1962.  He  apparently  had  shown  signs 
of  mental  instability  in  1953,  1956-1961,  and  1962-1964,  without  evidence  of 
diabetes  insipidus. 

Comment:  This  patient  has  had  jiroven  disseminated  eosinophilic  granu- 
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Fifi.  1.  Lung  biopsy,  K.  C,  September,  1961,  .sliowing  a  granuloma  containmg  eot^inophils 
and  histiocytes. 

loma,  with  bone  involvement  for  almost  eleven  years,  and  pulmonary  in- 
volvement for  four  or  more  years.  Serial  pulmonary  function  studies  demon- 
strated an  increase  in  residual  volume,  development  of  venous  admixture,  and 
some  im])airment  of  diffusion.  The  last  reported  studies  were  associated  with 
"honeycomb"  emphysema. 
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Case  No.  2  ill] 

M.  R.,  a  38  year  oM  Puci'to  Ricaii  iiial(>  cliaulTciir,  was  rcadiuittcd  to  the 
lironx  Veterans  Adniiiiist  rat  ion  Hospital  in  .lime,  1964,  with  the  chiet'  coni- 
phiint  of  nervousness. 

TABLE  I 


I'lihiitinurij  Function  Studies  in  Pulmonary  Eosinophilic  Granuloma 
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R  A  32 
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34 
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24 
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VC 

vital  capacity 

RV 

residual  volume 

TC 

total  capacity 

AIVV 

maximal  voluntary  ventilation 

LC 

lung  compliance 

Sa02 

arterial  saturation 

PaOj 

arterial  O2  tension 

PaCOj 

arterial  CO2  tension 

RA 

room  air 

LO 

low  oxygen  (14%) 

At  age  23  in  March,  1954,  the  patient  had  the  diagnosis  of  jiuhnonary 
eosinophilic  granuloma  made  by  a  right  open  lung  biopsy  in  Puerto  Rico. 
His  symptoms  had  begun  in  March,  1951,  and  consisted  of  chills,  fever,  cough 
and  mild  chest  pain.  Chest  films  had  shown  a  diffuse,  fine  infiltrate  bilaterally 
in  the  lung  fields.  Pulmonary  studies  in  1954  are  shown  in  Table  I  and  demon- 
strate a  slight  decrease  in  lung  volume  at  the  time  of  the  lung  biopsy. 

From  June,  1955,  to  November,  1960,  the  patient  had  numerous  hospital 
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ami  clinic  admissions  to  the  New  York  Veterans  Adniinistration  Hospital  for 
increased  ilyspnea.  Pulmonary  function  studies  in  1955,  1957,  and  1960  now 
showed  normal  lung  volumes  along  with  normal  arterial  saturation  and  no 
diffusion  impairment.  Chest  films  over  this  })eriod  showed  no  change,  bone 
films  remained  normal  and  tlie  complete  blood  covmt  showed  a  persistent 
elevation  of  hemoglobin  and  hematocrit. 

A  repeat  chest  film  in  January,  1961,  showed  a  reticular-nodular  infiltrate, 
but  the  patient's  clinical  state  remained  stable  from  1961  to  June.  1964.  A 


Fifi.  2.  Chest  film,  K.  C,  August,  1964,  showing  bilateral  "honeycomb"  emphysema. 

chest  film  in  August,  1964,  at  the  Bronx  Veterans  Administration  Hospital, 
showed  "honeycomb"  emphysema  (Fig.  3)  and  pulmonaiy  function  tests  now 
showed  an  increase  in  residual  volume,  slight  reduction  in  maximum  voluntary 
ventilation,  venous  admixture,  and  impairment  of  diffusion.  There  was  no 
change  in  the  bone  films  and  all  other  organ  evaluation  was  not  remarkable. 
No  specific  treatment  was  given  at  this  time. 

It  is  of  interest  that  this  patient  also  had  a  diagnosis  of  schizophrenia  made 
dui'ing  the  course  of  his  disease  process.  He  experienced  periods  of  mental 
instability  in  1955-1960,  1961,  and  1964  without  evidence  of  diabetes  insipi- 
dus. 
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('o)n)nc)it:  Tlii.s  ])utiont  lius  had  |)r()\'('n  ])iiliii()n:ii'y  eosinophilic  ij,ramil()iiia 
lor  about  fourteen  years  without  any  other  or<>;an  involvement,  and  has  siiovvn 
a  slow  development  of  "honeycomb"  emphysema.  He  has  received  no  defini- 
tive treatment  and  puhuonai'v  function  studies  have  shown  an  increase  in 
I'esidual  volume,  reduced  maximum  ^•oluntary  ventilation,  ^•(■n()us  admixture 
and  some  impairment  of  diffusion. 


Fig.  3.  Chest  film,  M.  R.,  August,  1964,  .showing  bilateral  "lione>'i-oiiil i"  emphysema. 

DISCUSSION 

Both  cases  exemplify  the  protracted  course  which  the  benign  form  of  pul- 
monary eosinophilic  granuloma  may  follow.  Recent  reports  have  shown  that 
pulmonary  eosinophilic  granuloma  may  remain  fairly  stable  even  after  fifteen 
years  (4).  Reviews  by  Thannhauser  (12),  Farber  (13),  Lichtenstein  (1),  and 
Van  Creveld  (14),  have  brought  about  an  understanding  of  the  trivalent  na- 
ture of  Histiocytosis  X,  and  pathological  studies  by  Rowland  (15),  Heppel- 
stone  (16),  Auld  (17),  and  Gough  (18),  have  shown  that  there  may  be  five 
major  phases  of  histologic  progression  in  pulmonary  eosinophilic  granuloma. 
These  include:  1)  a  proliferative  phase  in  which  there  is  proliferation  of 
reticulo-histiocytic  elements,  2)  a  granulomatous  phase  with  focal  formation 
of  giant  cells,  fibrils,  eosinophils,  and  an  increase  in  the  number  of  blood 
vessels,  3)  a  "hypersensitive"  phase  which  includes  perivascular  infiltration  of 
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rouml  cell^.  peribronchiole  infiltration  of  round  cells,  eosinophils  in  arteriolar 
walls,  and  i)eripheral  eosinoiihilia,  41  an  xanthomatous  phase  with  the  jiresence 
of  foam  cells,  and  5)  a  fibrotic  phase,  the  so-called  healing  phase. 

The  term  "honeycomb"  lungs,  first  presented  in  1949  (19),  has  been  used 
to  describe  a  stage  of  pulmonary  eosinophilic  granuloma,  both  radiologically 
and  histologically.  The  pathogenesis  of  "honeycomb"  lungs,  and  its  relation 
to  pulmonary  eosinophilic  granuloma  has  been  discussed  previously  (8,  19, 
20,  21).  Utilizing  this  information  plus  the  above  mentioned  pathologic  data, 
it  is  possible  to  postulate  the  mechanism  of  production  of  the  pulmonary  func- 
tion abnormalities. 

Reduction  in  lung  volumes  may  occur  in  the  first  stage  of  pulmonary 
eosinophilic  granuloma.  This  was  demonstrated  in  both  cases  and  coincides 
with  other  case  studies  in  which  it  was  found  that  the  early  diffuse  prolifera- 
tive infiltration  may  encroach  on  the  air  spaces  and  cause  diminished  lung 
volumes  (3).  Furthermore,  this  phase  may  also  be  associated  with  a  decreased 
dynamic  lung  compliance,  an  abnormality  previously  shown  (22)  but  not 
demonstrated  in  the  two  cases.  The  lung  volumes  may  subsequently  improve, 
as  shown  in  Case  No.  2,  usually  as  a  result  of  receding  infiltration  (3).  Then, 
as  the  pathologic  process  advances,  with  granuloma  formation  and  expectora- 
tion (20 1 ,  bronchiolar  obstruction  due  to  secretions  and  endobronchial  disease 
(19),  or  fibrosis  (8,  18,  19j,  the  "honeycomb"  or  cystic  phase  results.  At  this 
time  there  is  an  increase  in  functional  residual  capacity  and  residual  volume, 
again  shown  in  both  cases  presented  in  this  report.  This  increase  in  residual 
volume  has  been  noted  previously  in  other  cases  (2,  3j,  but  had  been  at- 
tributed only  to  a  general  state  of  lung  distension.  Because  of  bronchial  ob- 
struction during  this  stage,  the  maximum  voluntary  ventilation  may  be  af- 
fected (3),  but  a  reduced  value  in  this  test  may  also  be  due  to  the  weakened 
state  of  the  patient  as  demonstrated  in  both  cases.  Venous  admixture  usually 
results  in  jiulmonary  eosinophilic  granuloma,  hypoxemia  being  a  consistent 
finding  in  the  two  patients  and  in  previous  case  studies  (2).  This  is  a  conse- 
quence of  an  alteration  of  the  ventilation-pcrfusion  ratio  which  seems  to  exist 
at  any  stage  of  the  disease  process. 

Diffusion  impairment  in  pulmonary  eosinophilic  granuloma  may  exist  as 
a  consequence  of  1)  fibrosis  causing  thickening  of  the  "alveolar-capillary 
membrane"  (  3,  23) ,  2)  diminished  total  surface  area  as  a  result  of  dilated  air 
spaces  (24),  or  3)  reduction  in  size  of  the  pulmonary  vascular  bed  as  a  result 
of  the  hypersensitivity  reaction  or  fibrosis  (3,  17).  In  the  two  presented 
cases,  a  cause  and  effect  relationship  as  to  which  of  the  factors  was  the  most 
essential  in  producing  this  abnormality  cannot  be  established.  However,  it  was 
noted  that  in  Case  No.  2  diffusion  impairment  did  not  occur  until  the  "honey- 
comb" phase  appeared.  Thus,  following  the  statement  that  the  "clinical  mani- 
festations of  eosinophilic  granuloma  depend  on  the  site  of  the  disease  process" 
(25),  siiuilai  ly  it  seems  that  the  pulmonary  function  tests  in  pulmonary  eosino- 
philic granuloma  depend  on  the  existing  pathologic  state. 

It  is  of  interest  that  both  patients  developed  schizophrenia  during  the  course 
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of  their  (lisoase.  Since  the  etiology  of  schizophrenia  is  not  known,  no  fui'ther 
discussion  of  this  relationship  can  be  undertaken  at  this  time. 

SUMMARY 

Two  cases  of  pulmonary  eosinophilic  granuloma  are  reported,  one  with  dis- 
seminated eosinophilic  granuloma  of  bone  and  lung;  the  other  with  pulmonary 
involvement  alone.  Both  cases  had  serial  pulmonary  function  tests  over  a  pe- 
riod of  years  the  last  studied  stage  of  each  being  similar  in  that  each  showed 
"honeycomb"  emphysema. 

Pulmonary  function  abnormalities  correlate  well  with  the  clinical-patho- 
logic status  of  this  disease.  The  increase  in  residual  volume,  venous  admix- 
ture and  diffusion  impairment  in  the  two  presented  cases,  when  combined 
with  previous  case  studies,  demonstrate  this  correlation. 
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Massive  Parasagittal  Epidural  llniialonia 
of  Venous  Origin 

HIROSHI  HAYASHI,  M.D.,  SIDNEY  A.  HOLLIN,  M.D., 
AND  SIDNEY  W.  GROSS,  M.D. 

New  York.  N.  Y\ 

Pani^agittal  epidural  licmatomas  resulting  from  injury  to  the  superior  sagit- 
tal sinus  are  infreciuent  compared  to  the  well-known  extradural  clot  of  middle 
meningeal  artery  origin.  Although  Hooper  (1)  noted  that  a  clot  occurred  in 
the  jiarasagittal  region  five  times  in  28  of  his  cases  of  epidural  hematomas, 
the  incidence  has  been  much  lower  in  other  series,  varying  from  2%  to  9% 
(2-6).  Additional  authors  have  reported  cases  in  which  the  superior  sagittal 
sinus  was  the  source  of  epidural  hemorrhage  (7-12).  The  increasingly  wide- 
spread utilization  of  angiography  in  head  injuries  has  resulted  in  the  more 
frequent  preoperative  diagnosis  of  this  condition  and  has  contributed  signifi- 
cantly to  its  management. 

The  following  case  illustrates  the  clinical  and  radiological  features  of  this 
condition  and  demonstrates  the  massive  size  which  the  lesion  may  attain  and 
still  be  remedial  by  surgical  intervention. 

CASE  REPORT 

A  32-year  old  semicomatose  woman  was  brought  to  ]\Iount  Sinai  Hospital, 
City  Hospital  at  Elmhurst  Division,  in  1964.  She  had  been  well  until  she  was 
assaulted  several  hours  prior  to  arrival  at  the  hospital.  There  were  no  im- 
mediate ill  effects  from  her  injuries,  but  her  level  of  consciousness  suddenly 
deteriorated  and  she  developed  right-sided  focal  seizures. 

On  examination  there  were  multiple  contusions  and  abrasions  over  the  face 
and  body.  The  l)lood  pressure  was  normal  but  the  pulse  was  rapid  and  ir- 
regular. A  large  boggy  subgaleal  hematoma  could  be  palpated  in  the  region 
of  the  vertex  of  the  skull.  The  patient  was  semicomatose.  She  did  not  speak 
or  follow  commands  despite  attempts  to  arouse  her.  The  cranial  nerves  were 
normal  except  for  early  bilateral  papilledema.  There  was  a  flaccid  paralysis 
of  the  right  upper  extremity.  The  right  lower  extremity  was  paretic.  Muscle 
tone  was  increased  in  both  lower  extremities,  which  tended  to  be  maintained 
in  a  position  of  extension  at  the  hips  and  knees.  The  deep  tendon  reflexes  were 
absent  in  the  right  upper  extremity  and  hyperactive  in  both  lower  extremities. 
Plantar  responses  were  extensor  bilaterally.  The  patient  withdrew  all  ex- 
tremities, except  the  right  upper  extremity,  to  painful  stimulation. 

Laboratory  studies  were  normal.  Skull  x-rays  demon.strated  a  transverse 
linear  fracture  at  the  vertex.  The  fracture  line  crossed  the  sagittal  suture. 

From  the  Department  of  Neurological  Surgery,  The  Mount  Sinai  Ho.spital,  New  York, 
N.  Y.,  and  the  City  Hospital  Center  at  Elmhurst,  N.  Y. 

125 


126 


H.  HAYASHI,  S.  A.  HOLLIX  AND  S.  W.  GROSS 


Fig.  1A  and  IB.  Arterial  phase  demonstrating  large  avascular  mass  in  parasagittal  re- 
gion. Sliift  of  anterior  cerebral  artery  toward  the  right  side. 
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Fig.  2A  and  2B.  Vonous  phase.  Marked  inferior  di.splacenicnt  of  the  suiierior  sagittal 
sinus  from  the  inner  table  of  the  skull. 
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Luinhar  puni'tui'c  rcvralcd  <i;i-ossly  bloody  cerebrospinal  fluid  with  a  pressure 
of  360  nun. 

A  left  earotid  arteriogram  was  carried  out.  Only  the  arterial  phase  was 
seen  after  six  serial  x-rays  at  one-second  intervals.  The  arterial  phase  (Tigs. 
lA,  IB)  demonstrated  marked  downward  displacement  of  the  anterior  cere- 
bral artery  from  the  vertex  of  the  skull  by  an  avascular  bilateral  parasagittal 
posterior  frontal-parietal  mass.  The  anterior  cerebral  artery  was  shifted  to- 
ward the  right  side.  Timing  between  serial  films  was  increased  to  three-second 
intervals.  The  venous  phase  (Figs.  2A,  2B)  was  demonstrated  12  seconds 
after  the  dye  entered  the  carotid  siphon.  The  .superior  sagittal  sinus  was 
inferiorly  displaced  7  cm  from  the  inner  table  of  the  skull. 

The  patient  continued  to  deteriorate  and  became  decerebrate  with  a  fixed 
dilated  left  pupil. 

A  craniotomy  was  performed.  A  large  biparietal  bone  flap  was  turned.  Two 
linear  skull  fractures,  which  crossed  the  sagittal  suture,  were  included  in  the 
bone  flap.  A  huge  extradural  hematoma,  consisting  of  several  hundred  c.c.'s  of 
clotted  blood,  markedly  depressed  the  superior  sagittal  sinus.  The  hematoma 
was  evacuated.  Several  bleeding  points,  which  arose  from  the  sagittal  sinus, 
were  easily  controlled  by  gel  foam.  The  dura  was  opened  but  no  subdural 
hematoma  was  found. 

The  patient  made  an  uneventful  recovery.  Six  weeks  after  surgery  the 
neurological  examination  w^as  negative  and  the  patient  was  discharged  from 
the  hospital. 

DISCUSSION 

Although  injury  to  the  superior  sagittal  sinus  due  to  depressed  fractures  or 
penetrating  wounds  of  the  skull  is  not  rare  (12-14),  extradural  hematomas  of 
dural  sinus  origin  are  infrequent.  Because  of  the  low  venous  pressure  of  the 
sagittal  sinus,  an  extradural  clot  usually  does  not  form  even  though  the  sinus 
is  torn  (2).  Thus,  the  common  forms  of  injury  to  the  dural  sinus  are  not  often 
associated  with  epidural  hematoma. 

The  clinical  jiicture  closely  resembles  that  of  an  extradural  hematoma  of 
middle  meningeal  artery  origin.  The  course  may  be  acute,  subacute  or  chronic 
(11).  A  lucid  interval  of  variable  duration  will  be  present.  Signs  of  increasing 
intracranial  pressure  and  possibly  focal  neurological  deficits  commonly  de- 
velop. Associated  damage  to  other  intracranial  structures  may  result  in  marked 
variations  in  the  clinical  picture.  A  .subcutaneous  scalp  hematoma,  wdiich  re- 
sults from  blood  leaking  through  the  overlying  skull  fracture  into  the  scalp 
tissue,  is  often  present. 

Plain  skull  films  almo.st  invariably  demonstrate  a  diastasis  of  the  sagittal 
suture  or  a  linear  or  depressed  fracture  in  the  region  of  the  vertex.  Carotid 
arteriography  is  of  great  value  in  determining  the  size  and  location  of  the 
clot  and  the  ]«-esence  of  associated  intracerebral  involvement.  Displacement 
of  the  superior  sagittal  sinus  from  the  inner  table  of  the  skull,  originally  de- 
scribed by  Wickbom  (15)  and  subseciuently  illustrated  by  other  authors  (7, 
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S,  II,  l()-19l.  distinguishes  an  cpidin-.-il  from  a  subdiii'al  licmatoina.  Alexan- 
der (7)  suggested  that  compression  of  the  lacunae,  into  which  the  lolandic 
\-eins  drain  superiorly,  may  compromise  the  venous  drainage  and  be  a  factor 
in  the  rise  of  intracranial  pressure  and  slowing  of  the  cerebral  circulation.  In 
the  present  case,  the  circulation  time  was  12  seconds.  Circulation  time,  de- 
fined by  Greitz  (20)  as  the  time  required  for  the  maximum  concentration  of 
contrast  substance  in  the  carotid  siphon  to  reach  the  maximum  concentration 
in  parietal  veins,  greater  than  6  seconds  is  considered  to  be  definitely  pro- 
longed. 

Utilizing  the  accurate  localization  of  the  clot  by  angiography,  an  adequate 
well-placed  bone  flap  may  be  turned  and  the  hematoma  evacuated  under 
direct  vision.  The  bone  flap  should  be  made  across  the  sagittal  suture  corre- 
sponding to  the  area  of  the  hematoma  so  that  direct  visualization  of  the  su- 
perior sagittal  sinus  is  possible.  Active  bleeding  from  the  sinus  usually  may 
be  controlled  with  gelfoam  or  muscle  but  at  times  sutures  may  be  required  to 
repair  tears  in  the  sinus.  Attempt  at  removal  of  the  hematoma  by  multiple 
burr  holes  may  not  be  adequate  and  several  authors  (6,  7,  lOj  have  experi- 
enced reaccumulation  of  the  clot  following  attempt  at  burr  hole  aspiration. 
With  an  adequate  bone  flap  the  clot  can  be  more  completely  evacuated  and  the 
bleeding  better  controlled,  thereby  decreasing  the  danger  of  recurrence.  The 
dura  should  be  ojiened  to  see  if  there  is  an  associated  subdural  hematoma.  In 
certain  instances  in  which  the  clot  is  thin  and  the  neurological  deficit  is  not 
severe,  conservative  management  may  be  attempted  in  the  hojie  that  the 
clot  will  resorb  spontaneously  (7,  9,  21), 

SUMMARY 

A  patient  with  a  massive  epidural  hematoma  of  superior  sagittal  sinus 
origin  has  been  i)resented.  The  characteristic  clinical  and  radiological  fea- 
tures have  been  discussed, 

REFERENCES 

1.  Hooper,  R.  (S.) :  Oliservations  on  Extradural  Haemorrhage.  Brit.  J.  Surg.,  47:  71,  1959. 

2.  Gurdjian,  E.  S.,  and  Webster,  J.  E.:  Extradural  Hemorrhage.  A  Collective  Review 

of  the  Literature  and  a  Report  of  30  Ca.ses  of  Middle  Meningeal  Hemorrhage 
and  4  Case.s  of  Dural  Sinu.s  Hemorrhage  Treated  Surgically.  Internat.  Ab.«tr. 
Surg.,  75:  206,  1942. 

3.  LeCount,  E.  R.,  and  Apfelbach,  C.  W.:  Pathologic  Anatomy  of  Traumatic  Fractures 

of  Cranial  Bones  and  Concomitant  Brain  Injuries.  J.  A.  M.  A.,  74:  501,  1920. 

4.  McKis.sock,  W.,  Taylor,  J.  C,  Bloom,  W,  H,,  and  Till,  K.:  Extradural  Haematoma. 

Observations  on  125  Cases.  Lancet,  2 :  167,  1960. 

5.  Munro,  D.,  and  Maltby,  G.  L.:  Ext  I'adural  Hcmorrliage.  A  Study  ot  44  Cases.  Ann. 

Surg.,  113:  192,  1941. 

6.  Raaf,  J.:  Massive  Extradural  Hematoma.  Am.  J.  Surg.,  76:  567,  1948. 

7.  Alexander,  G.  L.:  Extradural  Haematoma  at  the  Vertex.  J.  Neurol.  Neurosurg.  & 

P.sychiat.,  24:  381,  1961. 

8.  Iwata,   K.:    Sagittal   Sinus   Hematoma.    Angiograi)hic    Demonstration    and  Clinical 

Pathology.  Pac.  Med.  Surg.,  76:  340,  1964. 

9.  Lindgren,  S.  O.:  Acute  Severe  Head  Injuries.  Clinical  Diagnosis  and  Classification 


130 


H.  IIAYASHI,  S.  A.  HOLLIN  AND  S.  W.  GROSS 


with  Respect  to  Early  Prognosis  and  Treatment.  Acta  cliir.  Scandinav.,  Suppl. 
254,  49  pp.,  1960. 

10.  Roichcrt,  F.  L.,  and  Morrissey,  E.  J.:  Extradural  Venous  Hemorrhage.  Ann.  Surg., 

113:  204,  1941. 

11.  Stevenson,  G.  C,  Brown,  H.  A.,  and  Hoyt,  W.  F.:  Chronic  Venous  Epidural  Hema- 

toma at  Vortex.  J.  Neurosurg.,  21 :  887,  1964. 

12.  Wliarton,  H.  11.:  Wounds  of  the  Venous  Sinuses  of  the  Brain.  An  Analysis  of  Sev- 

enty Cases.  Ann.  Surg.,  34:  81,  1901. 

13.  Gross,  S.  W.,  and  Ehrlich,  W.:  Diagno.sis  and  Treatment  of  Head  Injuries.  New  York: 

Hoeber,  1940,  p.  99. 

14.  Holmes,  G.,  and  Sargent,  P.:  Injuries  of  the  Superior  Longitudinal  Sinus.  Brit.  Med. 

J.,  2:  493,  1915. 

15.  Wickbom,  I.:  Angiograpliy  by  Post-Traumatic  Intracranial  Haemorrhages.  Acta  ra- 

diol.,  32 :  249.  1959. 

16.  Campiche,  R. :  Hematome  Epidural  Subaigu  de  Localisation  Inhabituelle  avec  son 

Image  Artcriographicjue.  Radiol.  Clin.,  31 :  95,  1962. 

17.  Lindgren,  E.:  Rontgenologie.  In  Handbuch  der  Neurochirurgie.  Vol.  2.  Ed.  Olive- 

crona,  H.  and  Tonnis,  W.  Springer- Verlag-Berlin,  1954,  p.  223. 

18.  Pecker,  J.,  Javalet,  A.,  and  Le  Menn,  G.:  L'Hematome  Extra-Dural.  Reflexions  sur 

une  Serie  de  111  Cas  Personnels.  Neuro-Chirurgie,  5:  428,  1959. 

19.  Tiwisina,  T.  and  Stiicker,  A.  D.:  Die  frischen  Schadel-Hirnverletzungen  im  Gefassbild. 

Chirurg.,  30 :  344,  1959. 

20.  Greitz,  T. :  A  Radiologic  Study  of  the  Brain  Circulation  by  Rapid  Serial  Angiography 

of  the  Carotid  Artery.  Acta  radiol.,  Suppl.  140,  p.  123,  1956. 

21.  Frykliolm,  R.:  Discu.ssion  at  the  Meeting  of  the  Scandinavian  Neurosurgical  Society 

at  Lund  on  August  29th,  1950.  Cited  by  Brodin,  H.:  Extradural  Hematomas. 
Acta  chir.  scandinav.,  102 :  99,  1952. 


EHects  of"  Phenol liia/iiH'  l)is<'oiiliiiiialioii  in  Palionls 
Coni|M'n8al('<l  from  Aciiio  Psychosis 

ANNE  E.  H.  BERNSTEIN,  M.D,  and  PERCY  MASON,  M.D. 
New  York,  N.  Y . 

Physicians  have  rapidly  become  accustomed  to  the  extensive  use  of  phcno- 
thiazine  medication  in  the  treatment  of  psychotic  patients.  It  is  difficult  to 
realize  that  although  these  compounds  were  first  studied  in  1883  (1),  their  first 
therapeutic  application  came  as  late  as  1943.  The  psychotropic  usefulness  of  the 
phenothiazines  was  recognized  only  thirteen  years  ago  by  Delay,  Deniker  and 
Harl  (2). 

Since  then  many  difterent  compoimds  deriving  from  the  phenothiazine  nu- 
cleus have  been  studied;  their  clinical  indications,  dosages,  side  effects  anil 
contraindications  have  been  well  described.  The  usefulness  of  these  compounds 
in  the  rapid  control  of  acute  psychotic  symptomatology  has  been  demon- 
strated (3).  Their  value  in  the  adjustment  and  maintenance  of  chronic  psy- 
chotic patients  has  been  recognized  (4,  5) . 

Some  questions  remain  unresolved.  The  problem  of  how  long  to  continue 
phenothiazine  administration  in  chronic  patients  has  not  been  clearly  an- 
swered (6).  Winkleman  espouses  the  generally  accepted  opinion  that  at  least 
several  months  of  optimum  dosage  levels  are  indicated  before  reduction 
should  be  attempted  (7).  Rosati  divided  the  treatment  program  of  chronic 
schizophrenics  into  four  phases  during  which  he  varied  dosage  and  length  of 
time  of  administration  of  phenothiazines  but  no  significant  difference  in  the 
rate  of  relapse  was  found  between  the  four  groups  (8).  Lehman  concluded 
from  his  study  that  if  there  is  any  doubt  in  a  case  it  is  better  to  continue 
medication  then  to  discontinue  it  and  better  to  increase  rather  than  decrease 
the  maintenance  dosage  (9j . 

All  of  these  studies  have  demonstrated  that  at  least  some  chronic  schizo- 
phrenic patients  tend  to  relapse  when  medication  is  discontinued  or  reduced 
below  a  certain  level.  Forrest  et  al.  have  described  clinical  cases  which  have 
relapsed  with  discontinuation  of  medication  and  discussed  the  relative  roles 
of  the  discontinuation  as  well  as  of  the  environmental,  familial  and  occupa- 
tional stresses.  They  have  also  noted  the  relation  of  relapse  in  the  face  of  dis- 
continuation of  medication  to  a  concommitant  failure  in  the  doctor-patient 
relationship  (10) . 

CASE  REPORTS 

There  has  been  no  report  in  the  literature  which  describes  the  effect  of 
discontinuation  of  phenothiazine  therapy  in  patients  who  have  experienced 
their  first  clinical  acute  psychotic  decompensations. 

From  the  Department  of  P.sychiatry,  the  Institute  of  Psychiatry,  The  Mount  Sinai 
Hospital,  New  York,  N.  Y. 
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Two  such  cases  were  treated  by  one  of  the  authors.  A  third  was  personally 
observed  by  both  authors.  Five  more  were  culled  from  the  case  records  of  the 
Department  of  Psychiatry  of  The  Mount  Sinai  Hospital.  All  cases  were 
treated  between  1963-65.  Of  the  eight  cases,  five  patients  discontinued 
their  own  medication.  In  three  cases  the  medication  was  discontinued  by  the 
j:)hysician.  The  reasons  for  interruption  of  phenothiazine  medication  will  be 
presented  in  each  case  record.  Each  patient  was  receiving  psychotherapy  in 
addition  to  medication. 

Case  1.  M.W.,  a  15  year  old  single,  female,  high-school  student,  experienced 
anorexia,  depression  and  withdrawal  the  day  following  her  first  sexual  ex- 
perience. In  the  course  of  the  next  two  weeks  she  developed  ideas  of  reference. 
She  felt  that  television  programs  referred  to  her.  She  thought  that  she  could 
make  her  dog  talk  to  her.  She  claimed  that  she  was  pregnant. 

Because  of  agitation  and  assaultiveness  closed  hospitalization  was  neces- 
sary. She  was  treated  for  thirty  days  with  chlorpromazine  400  mg  p.o.  q.i.d. 
Upon  release  from  isolation,  following  tw'o  weeks  of  hospitalization,  her  be- 
havior remained  bizarre  and  mischieveous;  she  mixed  all  her  food  together, 
emptied  other  patients'  belongings  from  their  drawers,  or  compulsively  pushed 
all  buttons  and  switches  availalile  to  her.  Her  verbal  communications  were 
unintelligible. 

By  the  fourth  week  of  her  hosjjitalization  she  was  able  to  communicate  and 
socialize  effectively.  No  further  bizarre  or  agitated  behavior  was  observed. 
She  W'as  then  interviewed  for  admission  to  The  Mount  Sinai  Hospital.  At  the 
interview  she  was  not  delusional.  She  remembered  having  had  some  unu.sual 
ideas  which  she  was  reluctant  to  discuss.  Her  affect  was  one  of  depression.  The 
diagnosis  was  schizophrenic  reaction,  paranoid  type,  acute  with  depression. 
She  remained  stabilized  in  this  condition  for  the  following  week. 

At  9:00  P.M.  on  the  night  prior  to  transfer  the  i^atient  received  her  usual  dose 
of  400  mg  of  chlorpromazine  jxo.  Ujwn  arrival  at  The  Mount  Sinai  Hos- 
pital she  appeared  drowsy  and  had  signs  of  Parkinsonism.  No  chlorpromazine 
was  ordered  until  further  evaluation  could  be  completed.  By  3:00  p.m.,  eighteen 
hours  after  the  last  dose  of  chlorpromazine,  she  had  become  agitated,  bizarre 
and  her  speech  was  pressured  and  incoherent.  Chlorpromazine  400  mg  p.o.  was 
ordered  stat  and  q.i.d. 

By  the  tenth  day  of  hospitalization  she  was  calm  and  coherent.  She  suftered 
from  severe  nasal  congestion  and  edema  with  bacterial  superinfection.  Be- 
cause of  this  and  Parkinsonian  signs  the  chlorpromazine  dosage  was  gradu- 
ally decreased  and  thioridazine  25  mg  i).o.  t.i.d.  was  substituted.  She  con- 
tinued in  a  compensated  state  and  was  discharged  to  ]M■i^•ate  therapy  three 
weeks  later. 

Case  2.  S.L.,  a  25  year  old  single,  male,  stock  market  analyst  had  been  in 
individual  psychotherapy  for  one  year  because  of  anxiety  and  nail  biting.  Be- 
cause of  failure  to  progress  he  was  transferred  to  group  psychotherapy.  In  the 
first  session  his  homosexual  tendencies  were  commented  upon  by  the  group, 
following  Avhich  be  became  hypomanic  and  delusional.  He  felt  as  if  he  did  not 
require  sleep.  He  described  him.self  as  being  in  a  "special  psychic  state" 


EFFECTS  OF  PHENOTHIAZINE  DISCONTINUATION 


wlicri'iii  lie  could  (•oiiiiminicalc  by  extrasensory  pereci)tioii.  He  iin|)ul>!\-ely 
lay  down  on  the  sidewalk  and  was  taken  forcibly  to  a  city  hospital. 

In  the  two  weeks  he  was  there  he  received  no  medication.  lie  develope<l  the 
fixed  delusion  that  he  was  the  second  Messiah.  His  diagnosis  was  schizo- 
phrenic reaction,  acute,  ])aranoid  type.  He  was  then  transferred  to  a  closed 
pi-ivate  hospital.  There  he  was  treated  with  chlorpromazine  100  mg  p.o. 
([.i.d.  foi'  two  w^eeks.  He  was  then  discharged  home,  well  compensated  and 
without  further  medication.  He  was  readmitted  to  the  private  hospital  two 
days  later,  agitated  and  delusional.  Chlorpromazine  100  mg  p.o.  q.i.d.  was 
reinstituted. 

Within  two  to  three  days  he  became  calm  and  was  transferred  to  The 
Mount  Sinai  Hospital.  His  medication  was  continued.  He  remained  de- 
lusional. During  the  next  five  days  chlorpromazine  was  increased  to  400  mg 
p.o.  q.i.d.  On  this  dosage  he  remained  delusional  and  became  drowsy.  Eight 
days  later  trifluoperazine  2  mg  p.o.  b.i.d.  was  added.  This  drug  was  increased 
slowly  as  the  chlori)romazine  dosage  was  diminished,  since  antipsychotic  ef- 
fect without  sedation  was  desired. 

In  two  weeks'  time  the  chlorjiromazine  was  entirely  discontinued.  The  pa- 
tient was  receiving  trifluoperazine  5  mg  p.o.  q.i.d.  He  was  awake  and  partici- 
pating in  ward  activities.  He  was  no  longer  actively  delusional,  but  clung  to 
the  belief  that  he  had  been  in  a  special  psychic  state.  Three  weeks  later  he 
was  mobilized  to  the  Night  Hospital,  from  which  he  went  to  work  daily  for 
two  weeks.  He  was  then  discharged  to  the  clinic. 

When  again  seen  in  the  clinic,  one  week  after  discharge,  he  was  agitated  and 
delusional.  He  felt  that  he  could  connnunicate  w'ith  God  through  his  finger- 
tip. He  disclosed  that  he  had  discontinued  all  medication  two  days  after  dis- 
charge from  the  hospital,  ostensibly  because  he  could  not  find  the  time  to 
take  it  while  at  work.  Chlorpromazine  100  mg  p.o.  b.i.d.  was  reinstituted.  The 
following  week  he  was  calmer  and  no  longer  delusional.  He  complained  of 
drowsiness.  He  remained  well  compensated  over  the  next  six  months  and  chlor- 
promazine was  gradually  discontinued. 

One  year  later,  on  the  anniversary  of  the  first  acute  decompensation,  he 
experienced  a  brief  flurry  of  hypomania  and  hallucinosis.  Chlorin-omazine  100 
mg  p.o.  h.s.  was  reinstituted  for  tw^o  weeks  and  the  patient  is  now  main- 
tained on  trifluoperazine  5  mg  p.o.  b.i.d. 

Case  3.  N.G..  a  46  year  old  single,  male  salesman  became  depressed  one 
year  prior  to  admission.  In  the  two  months  preceding  admission  he  began 
to  ruminate  about  his  health,  and  also  experienced  anorexia  and  constipation. 
Two  days  jn-ior  to  admission  he  became  obsessed  with  the  thought  "kill, 
kill."  The  admission  diagnosis  was  involutional  psychosis.  Because  of  agita- 
tion he  was  treated  with  chlorjiromazine  100  mg  p.o.  q.i.d. 

During  the  first  three  weeks  of  hospitalization  the  obsessive  rumination 
ceased  and  he  became  less  agitated.  He  remained  in  the  hospital  for  three 
months.  He  was  no  longer  depressed  at  the  time  of  discharge.  Chlorproma- 
zine 100  mg  p.o.  q.i.d.  was  continued  for  one  year  in  the  Aftercare  Clinic. 

Shortly  before  the  anniversary  of  his  first  admission  and  coincident  with 
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the  onset  of  an  illness  of  his  mother,  with  whom  he  had  always  lived,  he 
failed  to  attend  clinic.  He  also  discontinued  his  medication  as  he  felt  that  he 
was  well.  He  was  admitted  to  the  hospital  two  weeks  later,  agitated,  depressed 
and  delusional;  he  believed  that  the  hair  on  his  chest  was  growing  inward 
and  would  smother  him.  The  diagnosis  on  this  admission  was  schizophrenic 
reaction,  paranoid  type.  He  was  treated  with  chlorpromazine  150  mg  p.o.  q.i.d. 

Within  forty-eight  hours  he  was  calmer  and  no  longer  delusional.  He  re- 
mained somewhat  depressed.  He  worried  about  his  mother's  illness  and  the 
possible  loss  of  his  job  due  to  hospitalization.  He  remained  in  the  hospital 
six  weeks.  During  this  time  his  mother  underwent  surgery.  Following  her 
discharge,  he  was  discharged  and  resumed  working.  He  is  being  followed  in 
the  Aftercare  Clinic  and  is  taking  chlorpromazine  150  mg  p.o.  q.i.d.  He  has  had 
no  further  symptoms. 

Case  4-  C.A.,  a  19  year  old  married  Puerto  Rican  mother  was  admitted  to 
the  Ophthalmology  Service  because  she  had  had  decreasing  vision  in  the 
left  eye  for  one  month.  On  the  day  following  admission  she  appeared  to  lose 
consciousness,  rolled  her  head  continuously  from  side  to  side  and  shouted  for 
help.  Similar  episodes  occurred  three  times  within  the  next  twenty-four  hours. 
The  psychiatric  consultant  found  the  patient  expressing  the  wash  to  die.  She 
w^as  otherwise  unresponsive.  She  was  transferred  to  the  Psychiatric  Service 
where  she  remained  unresponsive.  She  could  not  be  fed  per  os.  The  diagnostic 
impression  was  schizophrenic  reaction,  catatonic  type,  acute. 

On  the  following  day,  three  days  after  admission  to  the  hospital,  the  patient 
was  treated  with  chlorpromazine  50  mg  p.o.  t.i.d.  Within  tw'enty-four  hours 
she  became  responsive.  She  ate  and  socialized.  After  five  days  of  clinical  re- 
mission, chlorpromazine  w'as  discontinued.  The  physician  did  this  in  the  be- 
lief that  the  patient  w-as  stabilized.  Twenty-four  hours  later  the  patient  had 
another  episode  of  head  rolling  and  screaming.  This  episode  was  aborted  in  an 
hour  by  100  mg  chlorpromazine  p.o.  followed  in  twenty  minutes  by  chlor- 
promazine 100  mg  i.m.  Chlorpromazine  50  mg  p.o.  t.i.d.  was  reinstituted. 

The  episodes  continued  once  to  twice  a  day  over  the  next  nine-day  period. 
The  chlorpromazine  was  increased  to  100  mg  p.o.  q.i.d.  Four  days  later  the  pa- 
tient experienced  her  last  episode,  this  one  consisting  only  in  the  feeling  that 
she  might  faint.  She  remained  in  the  hospital  an  additional  three  weeks.  Then 
believing  herself  well,  she  signed  out  against  medical  advice  without  medica- 
tion. She  reappeared  two  days  later  in  an  agitated  state.  She  then  accepted  the 
suggestion  of  a  voluntary  admission  to  a  state  hospital. 

Case  5.  ]\I.W.,  a  25  year  old,  married,  male  market  research  assistant  was 
well  until  two  weeks  prior  to  his  admission.  At  that  time,  he  was  temporarily 
left  in  charge  of  the  business.  He  became  very  anxious,  felt  impelled  to  work 
unusually  hard  until  he  had  actually  been  working  without  sleep  for  four 
days.  On  the  day  of  admission  he  began  w^orking  on  a  mathematical  equa- 
tion which  resulted  in  the  proof  that  he  w^as  God.  He  posted  signs  up  in  his 
apartment  to  that  effect.  When  his  wife  tried  to  dissuade  him  he  attempted  to 
strangle  her.  Upon  admission,  he  was  agitated  and  delusional.  The  diagnosis 
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was  scliizoi)lirciii<'  i-cactioii,  paranoid  type,  acute.  He  was  treated  with  chlor- 
])n)niazino  2'){)  in-j;  p.o.  (i.i.d.  lor  one  month.  He  recompcnsated  during  this 
time.  The  chlorpromazine  was  reduced  over  a  seven-day  period  to  100  mg  p.o. 
q.i.d.  He  was  then  dischai'ged  to  ])rivate  psychotherapy. 

He  feh  anxious  for  three  weeks  but  was  otherwise  asymptomatic.  The 
chlorpromazine  dosage  was  reduced  by  his  therapist  to  100  mg  p.o.  b.i.d.  One 
week  later  the  patient  again  became  agitated  and  felt  he  had  God-like 
powers.  He  was  readmitted  to  the  hospital  one  month  after  discharge.  He 
was  medicated  with  chlorpromazine  200  mg  p.o.  q.i.d.;  two  days  later  the 
dosage  was  increased  chlorpromazine  250  mg  p.o.  q.i.d.  The  following  day  he 
received  chlorpromazine  300  mg  p.o.  q.i.d.;  by  the  fourth  day  of  hospitaliza- 
tion chlorpromazine  350  mg  p.o.  (j.i.d.  was  required  because  of  agitation. 

Three  w-eeks  later  he  was  transferred  for  long  term  hospitalization.  He 
was  no  longer  delusional  but  continued  to  be  extremely  anxious  and  restless. 
This  condition  jiersisted  despite  a  maintenance  dosage  of  chlorpromazine  350 
mg  p.o.  q.i.d. 

Case  6.  N.P.,  a  39  year  old  married  mother  of  Spanish-Indian  descent 
first  became  depressed  after  the  birth  of  her  second  child.  About  fourteen 
months  prior  to  admission,  after  the  child's  first  birthday,  the  patient  became 
increasingly  withdrawn  and  preoccupied  with  ideas  of  reference.  She  began  to 
feel  that  i)eoi)le  were  discussing  her  on  television  and  writing  about  her 
in  the  newspapers.  She  also  feared  that  someone  might  enter  her  house  at 
night  and  harm  her  children.  The  diagnosis  on  admission  was  schizoi)hrenic 
reaction,  jiaranoid  type,  acute.  She  was  treated  with  chlorpromazine  150  mg 
p.o.  q.i.d.  and  slowly  recompensated  over  a  one  month  period. 

After  six  weeks  she  was  discharged  to  the  Aftercare  Clinic.  Upon  discharge 
she  was  still  receiving  chlorpromazine  150  mg  p.o.  q.i.d. 

During  a  clinic  visit,  two  weeks  later,  she  was  noted  to  have  a  pruritic  skin 
rash.  Her  medication  was  changed  thioridazine  100  mg  p.o.  q.i.d.  and  chlor- 
diazepoxide  200  mg  p.o.  q.i.d.  Within  two  weeks  she  became  depressed  again 
and  intermittently  fearful  for  the  safety  of  her  children.  Three  days  prior  to 
her  readmission  she  discontinued  her  medication  as  she  had  "run  out  of  it." 
AVhen  seen  in  the  Aftercare  Clinic  she  was  convinced  that  peojile  were  star- 
ing at  her.  She  also  felt  that  her  children's  lives  were  in  jeopardy.  She  was  very 
depressed  and  ex])ressed  suicidal  ideation.  Upon  readmission,  the  clinic  medi- 
cation (thioridiazine  100  mg  p.o.  q.i.d.  and  chlorodiazepoxide  20  mg  p.o. 
q.i.d.)  was  continued. 

After  eight  days  her  mental  status  remained  unchanged.  Chlorodiazepoxide 
was  discontinued  and  trifluoroperazine  5  mg  p.o.  q.i.d.  was  instituted.  On  the 
twenty-first  day  after  admission,  medication  was  changed  to  trifluoroperazine 
10  mg  p.o.  t.i.d.  and  amitriptyline  50  mg  p.o.  t.i.d.  After  forty-one  days  of 
hospitalization,  the  patient  was  discharged,  no  longer  delusional  but  still  some- 
what anxious  and  depressed.  She  continues  on  the  discharge  medication  regi- 
men in  the  Aftercare  Clinic. 

Case  7.  C.K.,  a  71  year  old  divorced  lawyer  became  depressed  four  months 
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prior  to  admission  whvn  he  noted  that  his  law  i)ractici'  had  diminished 
considerably.  During  the  week  prior  to  admission  he  became  anorectic,  in- 
somniac, irritable,  withdrawn,  and  confused.  He  became  convinced  that  his 
financial  condition  was  perilous.  The  diagnosis  upon  admission  was  psychotic 
depression,  with  organic  brain  syndrome. 

During  the  first  five  days  following  admission  the  patient  l)ecame  very  re- 
gressed requiring  aid  in  all  activities,  including  bodily  care.  He  begged  and 
pleaded  not  to  be  sent  to  a  state  hospital,  and  failed  to  respond  to  reassur- 
ances that  no  such  plan  was  being  considered  for  him.  Neurological  evaluation 
revealed  no  abnormalities. 

On  the  ninth  hospital  day,  therapy  with  chlorpromazine  50  mg  p.o.  t.i.d. 
and  amitriptyline  25  mg  i).o.  t.i.d.  was  instituted.  Agitation  and  persecutory 
ideation  continued  during  the  following  week.  Chlorpromazine  dosage  was 
increased  to  100  mg  p.o.  q.i.d. 

After  one  month  the  jiatient  was  calm,  less  depressed,  and  free  of  jiaranoid 
ideation.  His  sensorium  was  clear.  He  was  discharged  to  the  Aftercare  Clinic 
six  weeks  after  admission,  receiving  chlorjiromazine  300  mg  p.o.  q.d.  He  at- 
tended the  clinic  regularly  and  appeared  to  be  doing  well.  He  pleaded  for  less 
frequent  clinic  appointments.  Six  months  after  discharge  he  was  attending  the 
clinic  only  once  a  month.  Two  months  prior  to  his  second  admission,  he  re- 
fused to  attend  the  clinic  and  discontinued  the  medication.  He  stated  that  he 
felt  well,  and  was  able  to  manage  his  own  therapy. 

On  the  morning  of  his  second  admission,  he  was  found  comatose  in  his 
apartment  as  a  result  of  barbiturate  overdose.  Upon  admission  to  the  Inten- 
sive Care  Unit,  he  required  a  tracheotomy  and  hemodialysis.  Upon  regaining 
consciousness  forty-eight  hours  later,  he  denied  depression  and  the  suicidal 
attempt,  but  appeared  markedly  depressed.  A  second  suicidal  attempt  was 
made  on  the  fourth  ho.spital  day,  the  patient  using  bizarre  means  for  the 
purpose. 

During  the  following  week  the  patient  expressed  many  persecutory  ideas. 
He  felt  that  the  doctors  had  injected  him  with  bacteria.  He  remained  de- 
pressed and  intermittently  denied  and  expressed  suicidal  ideation.  At  times 
he  was  confused  and  disoriented. 

On  the  sixth  hospital  day,  amitripyline  25  mg  p.o.  t.i.d.  and  trifluopera- 
zine 2  mg  p.o.  t.i.d.  was  instituted  with  chlorpromazine  50  mg  p.o.  q  2H  for 
agitation.  The  regimen  of  medication  was  changed  several  times  over  the  next 
two  weeks  because  of  side  effects.  He  was  finally  maintained  on  chlorpromazine 
50  mg  p.o.  t.i.d. 

By  the  fourth  week  of  hosjiitalization  on  chlorpromazine  50  mg  p.o.  t.i.d. 
his  sensorium  was  cleai-;  he  had  no  further  persecutory  delusions  and  was 
only  slightly  depressed. 

Case  8.  M.F.,  an  18  year  old  single,  female,  high-school  student  was  ad- 
mitted to  the  Gynecology  Service  because  of  oligomenorrhea.  Gynecological 
and  endocrinological  evaluations  were  almost  completed,  but  as  the  time  for 
discharge  approached,  the  patient  became  very  anxious  and  spoke  of  having 
a  bird  phobia.  She  also  expressed  ideas  of  reference  and  claimed  auditory 
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iKilluciiiations.  She  was  ti'aiislVi'i-ci  1  to  the  Psychiatric  Sci'vicc  where  the 
diagnosis  of  schizojjhrenic  reaction,  paranoid  type  was  made.  Upon  trans- 
fei-,  the  patient  became  very  anxious  and  insisted  that  her  mother  sign  licr  out 
of  the  hos])ital. 

She  was  seen  twice  in  tlie  Gynecology  Clinic  by  the  Psychiatric  Liaison 
Service  to  prepare  her  to  accept  in-patient  care.  It  was  then  possible  to  re- 
hosi)italize  her  within  two  weeks.  Upon  I'eachuission  the  patient  was  depressed 
and  agitated.  From  the  third  hosi)ital  day  she  received  chlorpromazine  50 
nig  p.o.  q.i.d.;  by  the  seventh  day,  the  dosage  was  increased  to  chlorpromazine 
125  mg  11. 0.  ([.i.d.  The  jiatient  continued  with  ideas  of  I'cference  and  severe 
anxiety.  The  dosage  of  chlorpromazine  was  increased  to  200  mg  p.o.  q.i.d. 

By  the  end  of  the  first  month  of  hospitalization,  the  patient  appeared  pro- 
gressively less  anxious  and  was  able  to  tolerate  leaving  the  hosjiital  for 
brief  periods  of  time.  She  returned  to  high  school  while  still  hospitalized. 
Thereafter  she  was  discharged  to  the  Aftercare  Clinic.  She  had  spent  six  weeks 
in  the  hos])ital. 

At  her  first  clinic  visit  the  patient  was  very  anxious  and  felt,  again,  that 
])eople  wei-e  w-atching  her.  She  had  been  unable  to  attend  school  for  the  two 
days  prior  to  the  clinic  visit.  She  had  discontinued  medication  upon  discharge 
because,  she  said,  she  had  been  feeling  so  well.  Chlorpromazine  100  mg  p.o. 
q.i.d.  was  rein.stituted.  The  following  week  the  patient  was  able  to  attend 
school  and  felt  comfoitable  on  the  street.  She  has  continued  to  do  well  since 
this  time. 

TABLE  I 


Course  of  Phenothiazine  Therapy 


Patient 

Drug 

Dosage 

Length  of 
Therapy 

Time  from  Dis- 
continuation of 
Therapy  to 

Time  from  Reinstitution 
of  Therapy  to  Recom- 
pensation 

Decompensation 

M.W. 

chlorpromazine 

400  mg 
(|id 

4  wks. 

18  hrs. 

10  days 

S.L. 

chlorpromazine 

100  niK 
((id 

2  wks. 

48  hrs. 

14  days 

trifluoperazine 

5  ing 
qid 

5  wks. 

7  days 

7  da.\'s 

N.G. 

chlorpr()niazine 

100  mg 
<lid 

1  yr. 

2  wks. 

48  hrs. 

C.A. 

chlorpromazine 

50  mg 
tid 

5  days 

24  hrs. 

13  days 

M.W. 

chlorpromazine 

250  mg 
(|id 

4  wks. 

1  wk. 

3    weeks    still  se- 
verely decom- 
pensated 

N.P. 

chlorpromazine 

150  mg 
((id 

8  wks. 

2  wks. 

41  days 

C.K. 

chlorpromazine 

]()()  mg 
lid 

24  wks. 

8  wks. 

4  wks. 

M.F. 

chlorpromazine 

50  mg 
qid 

G  wks. 

7  day? 

7  days 
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DISCUSSION 

It  appears  that  wlu'ii  antipsycliotic  medication  was  interrupted  following  a 
first  acute  [jsychotic  decorai)ensation  a  significant  number  of  patients  experi- 
enced a  florid  relapse.  Similar  situations  are  very  familiar  in  the  treatment  of 
cardiac  decompensation  with  digitalis,  collagen  disease  with  steroids  or  epi- 
lepsy with  anticonvulsants.  Experience  in  the  treatment  of  these  diseases  has 
indicated  that  medication  should  be  gradually  reduced  rather  than  rapidly 
discontinued  and  that  wherever  necessary  a  substitute  drug  should  be  intro- 
duced. It  is  likely  that  acutely  i)sychotic  i)atients  regulated  on  antipsychotic 
medication  might  best  be  managed  in  the  same  manner.  In  the  treatment  of 
many  diseases  it  is  necessary  to  carefully  observe  the  patient  for  recurrence 
of  symptomatology  after  discontinuation  of  medication  so  that  in  case  of 
relapse  appropriate  measures  can  be  speedily  reinstituted.  It  seems  that  this 
procedure  also  applies  in  the  case  of  acutely  psychotic  patients  whose  anti- 
psychotic medication  is  being  discontinued. 

In  the  treatment  of  the  di.seases  already  mentioned  ])atients  are  usually 
cautioned  of  the  imperative  need  to  contintie  the  medication  until  otherwise 
advised  because  of  possible  imtoward  reaction  to  the  interruption  of  medi- 
cation. It  appears  that  the  i).sychiatrist  should  similarly  advise  the  initient 
recovering  from  an  acute  psychotic  reaction.  As  in  the  management  of  other 
illness  in  patients  whose  cooix-ration  seems  doubtful,  the  family  should  also  be 
informed  of  the  need  to  follow  the  ])rescribed  drug  regimen. 

Controlled  studies  on  statistically  significant  samples  of  acutely  psychotic 
patients  receiving  i)henothiazine  therapy  are  needed  to  determine  whether  the 
rate  of  decompensation  is  lower  in  patients  maintained  for  longer  periods  on 
medication  or  among  patients  whose  medication  is  gradually  rather  than 
abruptly  discontinued. 

SUMMARY 

Brief  histories  of  eight  patients  who  ex])erienced  psychotic  decompensation 
upon  discontinuation  of  their  antipsychotic  medication  have  been  presented. 
The  course  of  treatment  is  summarized  in  Table  I.  Originally,  with  ])heno- 
thiazines,  ho.spitalization  and  p.sychotherapy  each  appeared  recompensated 
within  periods  varying  from  forty-eight  hours  to  six  weeks.  In  each  case, 
medication  was  then  discontinued  either  l)y  the  therai-)ist  or  the  patient.  This 
took  place  from  forty-eight  hours  to  one  year  after  recompcnsation  and  each 
patient  experienced  a  florid  exacerbation  of  symjitoms  with  overt  psychotic 
manifestations.  Antipsychotic  medication  was  rai^idly  reinstituted  in  all 
cases  and  remission  occurred  within  forty-eight  hours  to  six  weeks.  Six  of  the 
eight  patients  required  rehospitalization. 

This  preliminary  study  suggests  that  within  the  first  year  following  jisy- 
chotic  decompensation,  antipsychotic  medication  be  discontinued  only  under 
close  supervision  of  the  psychiatrist.  This  should  he  done  preferably  in  a 
gradual  manner,  rather  than  abruptly  because  of  the  danger  of  an  acute 
psychotic  relapse. 
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Ohsl ruction  of  the  Outlet  of  the  Fourth  Ventricle 

in  an  Adult 

PHILIP  LP]VIN,  M.D.,  AND  SIDNEY  W.  GROSS,  M.D. 
New  York,  N.  Y. 

Obstruction  of  the  orifices  of  communication  between  the  fourth  ventricle 
and  the  subarachnoid  space  (the  foramina  of  Magendie  and  Luschka)  mani- 
fested during  infancy  and  childhood  is  a  well-known  clinicopathological 
entity.  This  condition,  usually  referred  to  as  the  Dandy-Walker  Syndrome 
(1),  may  be  associated  with  symmetrical  hydrocephalus,  dilated  fourth  ven- 
tricle, and  enlarged  posterior  fossa  with  upward  displacement  of  the  tentorium. 
Mental  retardation  is  frequently  present. 

During  adult  life  obstruction  of  the  outlet  of  the  fourth  ventricle  may  be 
the  result  of  a  variety  of  less  clearly  defined  processes.  In  addition  to  exam- 
ples of  Dandy-Walker  syndrome  which  first  become  manifest  in  adulthood, 
post-infectious  arachnoiditis  and  ependymal  or  arachnoid  cysts  (2)  have  been 
implicated  as  causing  occlusion  of  the  foramina  of  Magendie  and  Luschka  in 
adults.  In  those  instances  which  are  not  preceded  by  definite  infection  or  are 
not  associated  with  agenesis  of  the  vermis  or  other  posterior  fossa  anomalies, 
it  is  difficult  to  determine  whether  the  obstruction  of  the  orifices  of  the  fourth 
ventricle  is  congenital  or  inflammatory. 

The  following  case  manifested  initial  symptoms  late  in  life.  There  were  no 
associated  cysts  or  apparent  anomalies  of  the  cerebellar  hemispheres  or  vermis. 

CASE  REPORT 

A  67  year  old  right-handed  male  mechanic  entered  The  Mount  Sinai  Hos- 
pital in  1963.  Four  weeks  prior  to  admission  he  began  to  have  headaches, 
anorexia,  weight  loss,  mental  changes,  difficulty  with  gait,  and  slurring  of 
speech. 

On  admission  the  general  i)hysical  examination  was  unremarkable.  The 
neurological  examination  revealed  a  moderate  organic  mental  syndrome. 
There  was  nystagmus  on  lateral  and  upward  gaze.  The  speech  was  dysarthric. 
His  gait  was  unsteady;  however,  coordination  of  the  extremities  was  satis- 
factory. Power  of  extremities  and  sensation  were  normal.  The  deep  tendon  re- 
flexes were  active;  the  plantar  responses  were  flexor  bilaterally. 

The  past  hi.story  included  a  course  of  electroshock  therajjy  fifteen  years 
previously  for  depression. 

Laboratory  studies  and  blood  serology  were  normal.  A  lumbar  i)uncture  re- 
vealed an  initial  pressure  of  140  mm  of  water;  the  cerebrospinal  fluid  protein 
was  42  mg  per  cent.  Spinal  fluid  serology  and  colloidal  gold  tests  were  negative. 
The  skull  x-rays  w^ere  normal.  X-ray  of  the  chest  revealed  emphysema  and 

From  the  Department  of  Neurological  Surgery,  The  Mount  Sinai  Hospital,  New  York, 
N.  Y.,  and  Tlie  City  Hospital  Center  at  Elmhur.st,  N.  Y. 
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healed  filirocalcillc  disease,  l-'.lectroeiiceplialofii-apliy  deinoiist rated  hilatei'al 
cerebral  dysliinct ion  with  focal  accentuation  in  the  left  temporal  region. 

Pneunioencei)hal()j2;rai)hy  was  carried  out  on  two  occasions  but  no  filling  of 
the  ventricular  system  could  be  achieved;  the  cisterna  magna  and  basal  cis- 
terns were  visualized  and  were  unremarkable.  Left  carotid  arteriogram  dem- 
onstiated  moderate  hydrocephalus.  Right  and  left  vertebral  angiograms  were 
normal.  The  jiantopaque  myeloenceplialogram  (Fig.  1)  revealed  filling  of  the 
cisterna  magna  but  pantopaque  did  not  enter  the  ventricular  system  (3). 
Pantojiaciue  ventriculograjihy  (Fig.  2)  was  carried  out.  There  was  symmet- 
rical hydroceiihalus  with  enlargement  of  the  third  and  fourth  ventricles.  Pan- 


FiG.  1.  Panto|i;ii|iic'  iiiyeloenccphalograni.  There  is  filling  of  the  cisterna  with  pantopaque. 
Xo  pantopaque  i  iiii  is  the  ventricular  system. 

topaque  readily  entered  the  fourth  ventricle  but  did  not  flow  into  the  cisterna 
magna  despite  positioning  of  the  patient  in  the  ei'ect  position. 

A  posterior  fossa  exploration  was  carried  out.  The  dura  over  the  cerebel- 
lar hemispheres  was  moderately  tense.  The  cisterna  magna  appeared  normal. 
There  was  no  cyst  of  the  posterior  fossa  or  asymmetry  of  the  cerebellar 
hemispheres.  Exploration  of  the  cerebellar  hemispheres  encountered  no  ab- 
normal tissue.  The  tonsils  were  markedly  aflherent  and  could  be  separated 
only  by  blunt  dissection.  Despite  separation  of  the  cerebellar  tonsils  no  fluid 
drained  from  the  fourth  ventricle.  The  infeiior  vermis  was  incised  and  the 
fourth  ventricle  entered.  Pantopaque,  which  had  been  previously  instilled 
into  the  frontal  horns,  refluxed  from  the  opening.  The  fourth  ventricle  and 
aqueduct  of  Sylvius  were  markedly  enlarged.  Saline  introduced  into  the  right 
lateral  ventricle  through  an  occijiital  l)urr  hole  refluxed  into  the  fourth  ven- 
tricle. A  Torkildsen  i)rocedure  was  carried  out.  Biopsies  of  the  arachnoid  over 
the  cisterna  magna  and  vermis  were  normal. 
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Following  surgery  the  patient  became  more  responsive  and  less  confused 
although  his  gait  remained  moderately  ataxic.  He  was  discharged  to  his 
home.  One  year  after  surgery  he  exjiired.  An  autopsy  could  not  be  obtained. 

DISCUSSION 

Dandy  (4)  in  1921  reported  two  cases  of  occlusion  of  the  foramina  of 
Magendie  and  Luschka  in  adults.  In  one  instance  "the  foramen  of  Ma- 
gendie  was  tightly  sealed  by  adhesions  which,  however,  were  not  present  over 
the  lobes  of  the  cerebellum.  The  cerebellum  and  medulla  were  tightly  ad- 
herent, thus  effectively  preventing  the  fourth  ventricle  from  bulging  between 
these  structures."  Dandy  believed  that  the  etiology  was  infectious.  Horrax 


Fig.  2.  Pantopaque  ventriculogram  (polaroid  film).  Symmetrical  hydrocephalu.s.  Arrow 
points  to  pantopaque  in  the  fourth  ventricle.  Pantopacjue  does  not  exit  from  the  fourth 
ventricle. 

(5)  also  described  examples  which  presented  clinically  as  posterior  fossa 
tumors  and  were  found  to  have  "inflammatory  thickening  of  the  arachnoid 
membrane  of  the  cerebellar  and  basal  ci.sternae." 

David  and  associates  (6)  reported  two  cases  very  similar  to  ours.  They 
pointed  out  that  the  outlet  of  the  fourth  ventricle  may  be  occluded  by  inter- 
tonsillar  adhesions  of  the  vermis  which  "arc  sometimes  so  marked  that  un- 
blocking of  the  fourth  ventricle  can  be  obtained  only  after  section  of  the 
vermis  and  ablation  of  the  tonsils." 

In  adults  the  condition  presents  with  a  rapid  or  slow  onset  of  signs  and 
symptoms  of  increased  intracranial  pressure.  Headaches,  vomiting,  papil- 
ledema and  mental  changes  are  not  uncommon.  Dysmetria,  ataxia,  nystag- 
mus and,  at  times,  cranial  nerve  involvement  point  to  pathology  in  the  pos- 
terior fossa. 

The  diagnosis  of  obstruction  of  the  foramina  of  Magendie  and  Luschka 
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can  !)(•  iiKulc  by  the  use  of  coiiihiiu'd  |)iu'Uiti()ciicc|)lial(i,ti:i':i|)liy  and  \-ciit  riciilojj;- 
i-aphy.  The  pneunionencci)halograin  showy  non-filliM^  of  the  ventricular  sys- 
tem. The  ventriculograni  may  demonstrate  synnnetrical  (■nlai'<!;ement  of  the 
hiteral  ventricles  with  a  dilated  third  and  fourth  \-entricle  wliich  ai'c  not 
shifted  fioni  the  midline.  Air  does  not  enter  the  subarachnoid  space  from  the 
fourth  ventricle.  Excellent  contrast  was  achieved  in  our  case  by  the  use  of 
|)antopaque  ventriculography  and  myeloencephalography.  During  pantopaque 
\-entriculography  oil  did  not  escape  from  the  fourth  ventricle  even  when  the 
patient  was  positioned  in  the  erect  manner.  Therefore,  the  diagnosis  of  obstruc- 
tion of  the  outlet  of  the  fourth  ventricle  could  be  made  pre-operatively. 

At  surgery  there  was  no  neoplasm,  cyst,  or  congenital  anomaly.  The 
tonsils  were  adherent  and  it  was  necessary  to  section  the  inferior  vermis,  as 
advocated  by  Pasztor  (7),  to  gain  entrance  into  the  fourth  ventricle.  Sec- 
tion of  the  vermis  seems  particularly  indicated  when  the  usual  anatomy  of 
the  area  of  the  foramina  of  Magendie  and  Luschka  is  so  distorted  that  the 
foramina  are  virtually  non-existent.  Although  a  communication  was  estab- 
lished between  the  ventricular  system  and  the  subarachnoid  space,  a  Tor- 
kildsen  procedure  was  performed  in  order  to  jirovide  an  additional  path- 
way for  the  cerebrospinal  fluid  circulation  in  view  of  the  late  recurrences 
which  have  been  noted  in  the  literature  (6,  7). 

SUMMARY 

A  case  of  obstruction  of  the  foramina  of  Magendie  and  Luschka  occurring 
late  in  life  is  reported.  The  diagnosis  was  established  pre-operatively  by  the 
combined  use  of  myeloencephalography  and  pantojiaque  ventriculography. 
The  operative  procedure  consisted  of  separation  of  tonsillar  adhesions,  sec- 
tion of  the  vermis,  and  establishment  of  a  Torkildsen  shunt. 
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A  Case  of  (iraimlomalous  Ileocolitis  in  a  Child: 
Report  of  an  Unusual  Coniplieation 

IRWIN  H.  KRASXA,  M.D.,  and  DAVID  A.  DREILING,  M.D. 

Inflammatory  conditions  of  the  large  and  small  bowel  are  relatively  in- 
frequent in  children  and  adolescents  compared  to  their  common  occurrence  in 
the  adult  population.  Thus,  regional  enteritis,  ulcerative  colitis  and  ileocolitis 
are  rarely  seen  below  the  age  of  sixteen.  Combinations  of  inflammatory  dis- 
eases of  the  ileum  and  colon  have  recently  been  carefully  classified  and  dif- 
ferentiated pathologically  and  radiographically  (1,  2,  3). 

The  case  to  be  presented  is  that  of  granulomatous  ileocolitis  in  a  13  year 
old  girl  with  a  very  unusual  postoix'rative  complication.  It  is  because  of  the 
rarity  of  this  lesion  and  the  very  unusual  nature  of  the  complication  that  the 
case  is  presented. 

C.\SE  REPORT 

On  January  12,  1964,  a  12  year  old  girl  was  admitted  to  the  hospital  with  a 
24  hour  history  of  abdominal  pain.  The  patient  had  chills  and  fever  for  one 
week  prior  to  admission  and  had  l)een  given  a  broad  spectrum  antibiotic  em- 
pirically. Temperature  on  admission  was  102°.  The  white  blood  count  was 
17,500.  Physical  examination  on  admission  revealed  a  tender  mass  in  the  right 
lower  quadrant,  with  rebound  tenderness.  Chest  X-ray  was  negative.  Ab- 
dominal X-ray  revealed  diffuse  haziness  in  the  right  half  of  the  abdomen  and 
pelvic  cavity. 

At  exploration,  through  a  AIcBurney  incision,  a  right  lower  quadrant  ab- 
scess was  found  and  was  drained.  The  appendix  could  not  be  found.  A  por- 
tion of  omentum  was  removed  for  biopsy.  Culture  of  the  pus  revealed  B.  coli 
and  enterococcus.  Biopsy  disclosed  an  acutely  and  chronically  inflamed 
omentum.  The  patient  was  given  Chloromycetin  postoperatively.  Her  con- 
valescence was  benign  and  the  patient  was  discharged  on  January  15,  1964. 
The  drain  was  removed  on  January  21,  1964.  The  drainage  site  did  not  close 
during  the  next  6  months,  after  which  the  patient  was  readmitted  for  further 
investigation. 

The  patient  was  admitted  for  the  second  time  on  July  13,  1964  for  investiga- 
tion of  a  persistent  fistulous  tract  in  the  area  of  the  previous  drain  site.  Dur- 
ing the  previous  6  months  following  discharge  from  the  hospital,  she  had 
experienced  intermittent  attacks  of  lower  abdominal  pain.  Physical  examina- 
tion on  admission  revealed  a  palpable  mass  in  the  right  lower  quadrant  with 
a  draining  sinus  in  the  middle  of  it.  Peristaltic  waves  were  visible  in  the 
right  lower  quadrant.  A  small  l)owel  series,  barium  enema  examination  and 
fistulogram  were  done.  The  small  bowel  series  revealed  areas  of  dilatation  in 
the  mid  and  distal  jejunum.  The  entire  ileum  appeared  dilated  and  the  dis- 
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tal  portion  tli!<i)laye(l  inarkcil  distension  with  ulceration  thi'oii^liout  a  seg- 
ment approximately  20  cm  loni^;.  The  involvement  was  contiguous  with  the 
ascending  colon  I  Fig.  IBl.  The  fistnlogram  revealed  contrast  matei  ial  passing 
into  the  ascending  colon  showing  marked  nodulai'ity  and  lineai'  ulcerations.  The 
findings  were  those  of  a  combined  regional  ileitis  and  gi'anuloniatous  colitis. 
Signioidosco])y  to  6  inches  revealed  normal  rectal  mucosa. 

On  July  27,  1964,  the  patient  had  a  temperature  of  105°F.  with  vomit- 
ing and  abdominal  pain.  She  was  placed  on  Chloromycetin  and  polycillin 
and  improved  rapidly.  The  patient  was  discharged  on  July  31,  1964.  Inter- 
vention was  not  tleemed  advisable  because  of  the  extensive  disease  in  both  the 
small  and  large  bowel. 

The  patient  was  readmitted  on  August  2,  1964  for  further  evaluation  of 
her  disease.  On  August  6,  1964  she  had  noted  vomiting,  severe  abdominal 
pain,  abdominal  distension  and  right  lower  Cjuadrant  pain  and  tenderness. 
Flat  film  of  the  abdomen  revealed  mechanical  small  bowel  obstruction  with 
multiple  air  fluid  levels  present  (Fig.  lA).  A  Cantor  tube  was  passed  but  failed 
to  decompress  the  small  l:)owel.  The  patient's  temperature  ranged  between 
101°  and  102°F.  Her  hemoglobin  was  8.8  Gm%.  On  August  10,  1964,  after 
preoperative  preparation  with  antibiotics  and  blood,  the  patient  was  explored. 
The  distal  21/9  to  3  feet  of  ileum  and  the  entire  ascending  colon  and  hepatic 
flexure  showed  marked  thickening  of  the  bowel  and  mesentery,  with  numer- 
ous enlarged  lymph  nodes.  An  ileotransverse  colostomy,  end-to-side,  with  ex- 
clusion of  the  distal  ileum,  was  performed.  Frozen  section  of  an  enlarged 
lymph  node  showed  acute  inflammation.  The  ileum  biopsied  at  the  level  of  the 
anastomosis  showed  only  slight  edema  and  congestion.  Her  postoperative 
course  was  uneventful  and  the  ])atient  was  discharged  on  August  20,  1964. 

The  patient  was  readmitted  to  the  hosi^ital  two  months  later.  She  had 
been  well  and  gained  about  20  j^ounds  until  two  weeks  prior  to  hospitaliza- 
tion, at  which  time  she  noted  enlargement  of  the  abdomen  associated  with 
cramp-like  right  low^r  abdominal  pains.  By  the  time  she  was  seen  in  the 
Follow-up  Clinic  the  cramps  had  become  more  severe  and  unremitting  and  a 
mass  was  obvious  on  palpation  in  the  right  lower  quadrant. 

On  admission,  the  patient  did  not  appear  acutely  nor  chronically  ill.  She 
was  afebrile  and  presented  no  unusual  physical  signs  except  for  a  large  oval 
mass  about  10  cm  in  longitudinal  axis  occupying  almost  all  of  the  right  ab- 
domen. Flat  film  of  the  abdomen  (Fig.  2)  revealed  a  homogeneous  mass  oc- 
cupying the  right  side  of  the  abdominal  cavity  and  displacing  the  small  and 
large  intestines  to  the  left.  Further  diagnostic  investigation  was  curtailed  by 
the  observation  that  the  abdominal  mass  was  rapidly  increasing  in  size. 

The  patient  was  re-explored  without  delay  with  a  diagnosis  of  intra-ab- 
dominal abscess  possibly  due  to  bowel  fistulization.  At  operation  (Fig.  3),  a 
large  football-sized  mass  of  bowel  was  encountered  occupying  most  of  the 
right  half  of  the  abdominal  cavity.  This  mass  comprised  the  terminal  excluded 
loop  of  ileum  which  had  undergone  ileo-ileal  intussusception  carrying  with  the 
intussusception  the  small  intestine  and  a  portion  of  the  large  intestinal  mesen- 
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Fig.  2.  Flat  film  of  the  abdomen  disclosing  a  large  homogeneous  shadow  occup^'mg  the 
right  half  of  the  abdominal  cavity  and  displacing  the  intestines  to  the  left. 

tery.  The  intui^suscipiens  had  perforated  into  the  intussusceptum.  The  region 
of  the  previous  ileotransverse  colostomy  was  congested,  indicating  beginning 
vascular  interference  due  to  mesenteric  compression. 

The  intussusception  was  carefully  reduced  manually  and  the  excluded  ileal 
loop  resected.  There  was  no  other  evidence  of  persistent  inflammatory  dis- 
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ease  in  {\\v  ;^iuall  or  large  bowel.  The'  alulonifn  was  closed  without  drainage. 
Pathological  report  of  the  specimen  showed  healed  terminal  ileitis. 

The  patients's  post-operative  course  was  uneventful,  and  she  was  discharged 
two  weeks  after  surgery.  During  the  ten  months  following  discharge,  the  pa- 
tient was  seen  at  regular  intei'vals  and  has  remained  well. 


Fig.  3.  Ojj(_'rati\('  photograpli  sliowing  filiated  terminal  (■xcliKled  looj)  with  ilco-ileal 
intusussception. 

DISCUSSION 

Coexisting  inflammatory  disease  of  the  small  and  large  bowel  is  occasion- 
ally seen  if  a  careful  search  of  the  large  bowel  is  made  in  cases  of  regional 
ileitis  and  a  careful  search  of  the  small  bowel  is  made  in  cases  of  ulcerative 
colitis.  In  classifying  these  cases  of  coexisting  disease,  Yarnis,  et  ol.  (1)  ade- 
quately separated  the  various  pathologic  types  according  to  the  following 
schema:  "Combined  ileocolitis"  signifies  the  presence  of  granulomatous  il- 
eitis and  ulcerative  colitis.  When  granulomatous  ileitis  is  combined  with 
granulomatous  colitis,  the  term  "granulomatous  ileocolitis"  is  used.  These  two 
types  can  be  differentiated  both  radiographically  (2,  4,  5,  6,  7)  and  pathologi- 
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(■ally.  ( iranuloiuatous  ileocolitis  is  a  much  less  fre(|uent  lesion  lliaii  coiii- 
hined  ileocolitis.  In  60  cases  of  ileocolitis  reported  by  Yarnis  (1),  only  2 
cases  were  reported  as  granulomatous  ileocolitis,  while  58  were  coinl)ined  ileo- 
colitis. Lindner,  et  al.  (2)  report  37  cases  of  granulomatous  disea.sc;  of  both 
colon  and  small  bowel.  Lockliart-Mummery,  et  al.  (3 1  report  22  cases  of 
i2;ianuloniatous  disease  of  large  bowel  and  ileum  1 30%)  of  75  patients  with 
iiranulomatous  colitis. 

The  granulomatous  nature  of  regional  ileitis  and  the  exudative  inflam- 
matory process  of  ulcerative  colitis  are  seen  in  combined  ileocolitis  with  the 
usual  x-ray  manifestations  of  two  separate  processes.  Thus,  the  small  bowel 
presents  an  x-ray  picture  (8 1  of  narrowing  of  the  lumen,  rigidity,  inflamma- 
tory polyps,  mucosal  ulcerations,  skip  areas,  internal  and  external  fistulae  and 
stenosis  of  the  distal  ileum  with  i)roximal  dilatation.  The  large  bowel  in 
combined  ileocolitis  shows  a  process  which  is  usually  diffuse,  extending  to  the 
splenic  flexure  and  mid-descending  colon.  There  is  slight  to  moderate  rigidity 
and  absent  or  distortd  haustral  markings.  Ulceration  and  shortening  of  the 
colon  are  usually  seen.  The  lesions  in  the  colon  are  ordinarily  not  in  continuity 
with  the  lesions  in  the  terminal  ileum.  In  granulomatous  colitis,  there  is 
frequently  a  short  segment  involved  in  continuity  with  the  ileal  lesion.  The 
colon  shows  marked  narrowing  and  rigidity  rather  than  ulceration. 

Although  some  investigators  consider  granulomatous  and  ulcerative  colitis 
as  manifestations  of  the  same  basic  inflammatory  disease  (9) ,  granulomatous 
colitis  now  appears  to  be  an  established  pathological  diagnosis  (3,  10).  On 
examination,  there  are  often  skip  areas  of  disease,  with  intervening  areas  of 
normal  bowel,  along  the  length  of  the  colon.  The  ulcerations  are  long,  longi- 
tudinal ulcerations  and  may  extend  deeply  to  form  fistulae.  Considerable  nar- 
rowing of  the  lumen  and  stricture  formation  may  be  present.  Ragged  mucosal 
tags  and  inflammatory  polyps  with  stalks  are  rare  in  granulomatous  colitis. 

Granulomatous  colitis,  in  contrast  to  ulcerative  colitis,  rarely  presents 
with  rectal  bleedings  and  tends  to  start  in  early  adult  life.  Diarrhea,  ab- 
dominal cramps  and  fever  are  common  and  fistulae  are  often  seen  and  are 
usually  in  the  ileum  rather  than  in  the  colon  itself.  As  reported  by  Lindner  (2) , 
the  patients  with  granulomatous  colitis  have  followed  a  more  chronic  and  un- 
remitting course  than  those  with  ulcerative  colitis,  acute  fulminating  episodes 
being  extremely  rare. 

Although  steroids  are  valuable  in  controlling  symptoms  in  granulomatous 
colitis,  as  they  are  in  ulcerative  colitis,  surgery  is  necessary  for  complications 
of  the  disease.  Three-quarters  of  the  patients  in  Lindner's  series  were  operated 
upon  for  incomplete  intestinal  obstruction  and  or  for  chronic  toxicity  as- 
sociated with  the  condition. 

Granulomatous  colitis  in  childhood  or  adolescence  is  rare,  in  comparison  to 
the  more  frequent  occurrence  of  regional  enteritis  or  ulcerative  colitis.  Of  75 
patients  with  "Crohn's  Disease  of  the  Large  Intestine"  reported  by  Lockhart- 
Mummery,  two  children  are  reported,  both  aged  10.  No  mention  is  made  as  to 
whether  these  children  only  had  disease  of  the  colon  or  gi'anulomatous  ileo- 
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colitis.  Of  44  patients  with  ^I'aiuiloiiiatous  colitis  leportcd  by  Lindner  (2),  the 
youngest  patient  was  16  years  of  age.  Rudle  and  Keats  (11)  report  on  15 
cases  of  granulomatous  ileocolitis  in  pre-adolescent  and  adolescent  children 
represents  the  largest  reported  series  of  this  entity  in  children.  Ten  of  these 
patients  came  to  surgery.  Sutcliffe  (12)  reported  5  cases  of  granulomatous 
colitis  in  children,  varying  in  age  from  7  to  19  years.  His  cases  were  all  con- 
fined to  the  colon. 

The  case  presented  satisfied  the  criteria  of  granulomatous  ileocolitis  in  all 
respects,  although  the  synchronous  nature  of  the  ileocolitis  cannot  be  ascer- 
tained. Since  no  radiographic  studies  of  the  small  and  large  l)owel  were  per- 
formed for  6  months  after  the  original  exploration,  we  cannot  be  sure  that 
the  colitis  did  not  develop  after  the  ileitis  had  been  present.  However,  in 
cases  of  metachronous  ileocolitis  (1),  the  colitis  developed  after  an  ileotrans- 
verse  colostomy  had  been  performed. 

Certainly  the  failure  of  a  drainage  tract  to  close  after  surgery  is  often 
seen  in  cases  of  regional  ileitis  or  ulcerative  colitis.  It  is  not  uncommon  for  a 
draining  site  to  close  comjiletely,  or  for  an  appendectomy  to  heal  without  in- 
cident, although  the  failure  of  this  to  occur  should  arouse  suspicion. 

The  indication  for  surgery  in  this  girl  w'as  repeated  bouts  of  intestinal  ob- 
struction and  evidence  of  active  infection  in  the  abdomen.  The  findings  at 
operation  confirmed  this  diagnosis,  and  ileotransverse  colostomy  with  exclu- 
sion was  performed.  With  the  development  of  acute  symptoms  two  months 
postoperatively,  the  diagnoses  entertained  were  either  blind  loop  syndrome  or 
reactivation  of  the  disease  in  the  excluded  ileum.  The  finding  of  intussuscep- 
tion of  the  excluded  ileum  into  itself,  with  intraluminal  perforation,  is  very 
unusual  and  has  rarely  been  reported.  The  reason  for  the  excluded  suture  line 
acting  as  the  lead  point  for  the  intussusception  is  unclear,  nor  has  any  le- 
sion been  demonstrated  pathologically  at  this  point  to  account  for  it.  The  oc- 
currence of  this  type  of  complication  may  be  taken  as  an  argument  for  the 
performance  of  resection  rather  than  exclusion  at  the  original  operation. 

SUMMARY 

An  unusual  case  of  a  13  year  old  girl  with  granulomatous  ileocolitis  is 
discussed.  A  very  unusual  complication,  intussusception  of  an  excluded  loop 
of  ileum  into  itself,  following  ileotransverse  colostomy  with  exclusion  is  pre- 
sented. 
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The  Clinical  Use  of  Intrathecal  Mctliylpiednisolone 
Acetate*  Following  Pneumoencephalography 
and  Myelography** 

STEPHEN  A.  KULICK,  M.D. 
New  York,  N.  Y. 

INTRODUCTION 

This  investigation  was  concerned  with  the  effect  of  intrathecal  methyl- 
prednisolone  acetate  (Depo-Medrol )  upon  the  symptoms  following  fractional 
air  pneumoencephalography,  and  Pantopaque  myelography  in  an  attempt  to 
find  a  more  effective  therapeutic  agent  in  the  treatment  of  these  post-proce- 
dural syndromes. 

The  first  part  of  this  study  investigated  the  effect  of  Depo-Medrol  on  post- 
pneumoencephalogram  symptoms.  It  is  well-known  that  the  symptoms  of 
headache,  nausea,  vomiting,  light-headedness,  etc.,  associated  with  pneumo- 
encephalography are  very  distressing  to  the  patient.  Studies  have  correlated 
the  amount  of  cerebrospinal  fluid  leakage  (1),  amount  of  air  injected  (2),  and 
presence  of  ventricular  dilatation  (2)  with  the  severity  of  post-pneumoen- 
cephalogram  morbidity.  There  is  as  yet  no  effective  treatment  for  the  head- 
ache which  follows  the  pneumoencephalogram.  Analgesics,  fluids,  oxygen,  and 
time,  principally  the  latter,  terminate  the  patients'  sufferings  in  a  number  of 
days.  Because  of  the  dramatic  ameliorative  properties  of  methylprednisolone 
in  preventing  post-lumbar  puncture  headaches  (3) ,  it  was  decided  to  evaluate 
its  effect  on  post-pneumoencephalogram  headaches. 

PAET  I 

Method 

One  hundred  and  twenty  patients  receiving  fractional  air  j^neumoencepha- 
lography  were  divided  in  serial  rotation  into  one  of  four  groups  of  30  patients 
each.  All  patients  were  premedicated  with  0.4  mgm  atropine,  subcutane- 
ously,  only.  At  the  completion  of  air  injection  before  withdrawal  of  the  needle. 
Group  I  received  intrathecal  instillation  of  10  cc  0.9%  saline;  Group  II  re- 
ceived 40  mgm  methylprednisolone  acetate  with  polyglycol  vehicle  in  10  cc 
0.9%  saline;  Group  III  received  0.1  cc  polyglycol  vehiclef  in  10  cc  0.9%  sa- 
line; and  Group  IV  received  no  injection.  An  18  gauge  lumbar  puncture  needle 
was  used  in  all  cases.  Pneumoencephalograms  were  performed  by  several  neu- 
rology residents  involving  variations  in  technique,  amount  of  air  injected, 
length  of  time  in  the  X-ray  department,  ventricular  dilatation,  and  upon  patients 
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with  vai-yins  i^evority  of  organic  iiiciital  syiidroiiic.  All  paliciits  aMc  In  iiiiilcrso 
air  pneuiuoenceiilialo^raphy  wviv  included  in  this  study.  All  patients  were 
examined  the  (hiy  of  the  ])neuin()encephalo<);i:iin  by  several  ohsei'vers  and  (Uiily 
thereafter,  and  were  (niestioned  about  their  symptoms,  with  emphasis  on  head- 
ache as  the  most  consistently  i-eliable  manifestation  of  post  pnemnocncephalo- 
graphic  symi)toms. 

Results 

Table  I  shows  tiuit  while  the  age  ranges  are  similar  for  the  four  groups,  the 
distribution  of  sexes  is  unequal  with  a  prei)onderanee  of  females.  However,  an 
analysis  of  the  mean  duration  of  headache  in  hours  reveals  that  while  females 
had  symptoms  for  a  longer  period  of  time  after  pncumocncephalograi^hy  (45- 
60  hours  for  females,  40-50  hours  for  males),  the  difference  was  not  statisti- 
cally significant.  Therefore,  the  mean  durations  of  headaches  for  males  and 
females  were  combined.  It  is  apparent  that  the  amounts  of  air  used  were  simi- 

TABLE  I 


Pneumoencephuldgrnphij 


Group 

Age 

Sex 

Mean  duration  of 
symptoms  (hours) 

Mean  volume 
air  (cc) 

No.  dilated 
ventricles 

Mean 
Duration 
of 

symptoms 
(hours) 

M 

F 

Male 

Fe- 
male 

Com- 
bined 

I. 

Saline 

45 

14 

16 

44 

48 

46 

65 

8 

18 

II. 

Depo-Medrol 

44 

11 

19 

10.5 

15 

13.5 

67 

7 

6 

III. 

Vehicle 

46 

13 

17 

40 

45 

43 

72 

8 

20 

IV. 

No  injec. 

47 

12 

18 

50 

60 

47 

70 

10 

25 

lar  and  the  numbers  of  patients  with  dilated  ventricles  were  also  equi^•alent. 
There  is,  however,  a  statistically  significant  difference  (P  <  .05)  in  mean 
duration  of  post-pneumoencephalogram  headache  between  jiatients  with  di- 
lated ventricles  (18-25  hours!  and  those  with  normal  veiitiicular  systems  143- 
47  hours)  using  the  "t"  test.  Therefore,  these  patients  were  eliminated  from 
the  general  grouji  and  were  analyzed  separately.  In  the  remainder  of  the 
groups,  it  can  be  seen  that  the  mean  duration  of  post-pneumoencephalogram 
symptoms  in  patients  receiving  methylprednisolone  is  statistically  significantly 
shorter  (13.5  hours,  P  <  .001)  than  that  in  the  control  groups  143-47  hours). 
There  w^as  no  significant  difference  in  duration  of  headache  between  the  pa- 
tients in  the  three  control  groups.  It  was  also  found  that  patients  with  dilated 
ventricles  receiving  methylprednisolone  had  a  statistically  significantly  shorter 
duration  of  headache  (6  hours,  P  <  .01)  than  those  not  receiving  methylpred- 
nisolone 118-25  hours).  The  remaining  three  control  groups  of  patients  with 
dilated  ventricles  did  not  differ  significantly  from  one  another  in  mean  dura- 
tion of  headache.  It  should  be  noted  that  while  patients  in  the  methylpred- 
nisolone group  complaining  of  headache  received  no  othei-  medication,  those 
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in  the  control  grouiis  received  aspirin,  Darvon,  caffein  sodiinn  benzoate,  Com- 
jiazine,  etc.  Therefore,  the  mean  dnration  of  lieadache  in  these  hatter  groups 
is  not  representative  of  the  true  length  of  post-i)neunioencei)halograni  symp- 
toms and  conceivably  these  patients  would  have  had  symptoms  for  an  even 
longer  time  than  they  did.  Nevertheless,  these  control  groups  still  had  a  sig- 
nificantly longer  duration  of  post-pneumoencephalogram  symptoms  as  com- 
pared to  the  grouj)  receiving  methylprednisolone. 


PART  II 


Method 

The  second  i)art  of  this  investigation  is  concerned  with  the  efficacy  of  intra- 
thecal methylprednisolone  instillation  following  Pantopaque  myelography  in 
the  jjrevention  of  post-myelogram  symptoms,  including  back  jiain  with  radia- 
tion into  the  leg,  paresthesiae,  headaches,  and  stiff  necks.  One  hundred  and 


TABLE  II 

M  yelography 


Group 


I.  Saline 

II.  Depo-Medrol 

III.  Vehicle 

IV.  No  injec. 


Age 


48 
44 
50 
48 


Sex 


M 
12 

12 
16 
14 


18 
18 
14 
16 


Mean  dura- 
tion of  symp- 
toms (hours) 


25 
5 
28 
30 


Mean  volume 
pantopaque  in 
Mean  volume 
pantopaque  out 


18/12 
18/12 
18/15 
18/10 


Incidence 
symptoms  % 


36 
10 
33 
40 


twenty  patients  receiving  Pantopaque  myelography,  lumbar  as  well  as  cer- 
vical, were  divided  in  serial  rotation  into  four  groups.  All  patients  were  pre- 
medicated  with  0.4  mg  atro]nne,  subcutaneously,  only.  At  the  completion  of 
the  myelogram,  after  removal  of  the  Pantopaque,  Group  I  received  intrathecal 
instillation  of  10  cc  0.9%  saline;  Group  II  received  40  mg  methylprednisolone 
acetate  with  polyglycol  vehicle  in  10  cc  0.9%  saline;  Group  III  received  0.1 
cc  polyglycol  vehicle  in  10  cc  0.9%  saline;  and  Group  IV  received  no  injec- 
tion. An  18  gauge  lumbar  puncture  needle  was  used  in  all  cases.  All  patients 
were  examined  the  day  of  the  myelogram  by  several  observers  and  daily 
thereafter,  and  were  questioned  about  back  pain,  paresthesiae,  stiff  neck  and 
headache  as  well  as  bowel  and  bladder  difficulties. 


Results 

Table  II  shows  the  age  and  sex  distribution  among  the  four  groups  with  a 
similar  preponderance  of  females  as  was  noted  in  Part  I  of  this  paper.  Again 
the  mean  durations  of  symptoms  following  myelography  for  males  and  fe- 
males were  combined  as  they  were  not  statistically  significantly  different  from 
one  another.  As  can  be  seen  from  Table  II,  the  mean  duration  of  symptoms  in 
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till'  <^roui)  i-(HH'i\ini2;  iiu'lliyli)re(lniy()l()iu'  (')  hours)  is  statistically  significantly 
U'sy  than  the  moan  duration  of  symptoms  in  the  three  control  groups  (25-30 
hours)  by  the  "t"  test  (P  <  .001).  The  per  cent  incidence  of  symptoms  in  the 
f^roup  receiving  methylprednisolone  was  also  significantly  less  (10%)  than 
the  per  cent  incidence  of  symptoms  in  the  three  control  groups  (33-40%). 
Again,  the  symptomatic  patients  in  the  control  groups  received  analgesics  and 
in  many  cases  parenteral  or  oral  steroid  therapy  after  the  first  24  hours,  so 
that  the  mean  duration  of  post-myelogram  symptoms  would  probably  have 
l)een  even  longer  had  these  patients  remained  untreated. 

DISCUSSION 

Davidoft'  and  Dyke  (2)  ;inalyzed  the  incidence  and  duration  of  post-pneu- 
moencephalogram  symptoms  and  found  that  thrce-ciiiartcrs  of  the  patients 
had  symptoms  at  the  end  of  twenty-four  hours,  less  than  one-half  had  symp- 
toms at  the  end  of  forty-eight  hours,  and  one-third  had  symptoms  after 
seventy-two  hours.  They  also  found  that  the  duration  of  post-pneumoencepha- 
logram  symjjtoms  was  directly  proportional  to  the  amount  of  gas  used.  Those 
patients  receiving  30-60  cc  of  gas  had  symptoms  for  an  average  of  1.9  days; 
those  receiving  60-90  cc  had  symi)toms  for  an  average  of  2.5  days,  while  pa- 
tients receiving  90-120  cc  had  symptoms  for  an  average  of  3.3  days.  These 
authors  also  found  that  15  patients  with  dilated  ventricles  receiving  an  aver- 
age of  91  cc  of  air  had  symptoms  of  somewhat  shorter  duration  (1.9  days) 
than  28  patients  with  normal  ventricular  systems  receiving  an  average  of  63 
cc  of  air  (2.25  days) .  Our  figures  for  mean  duration  of  symptoms  for  those 
patients  receiving  60-90  cc  of  air  are  quite  similar  to  those  found  by  David- 
oft" and  Dyke  (2),  whereas  our  patients  with  dilated  ventricles  had  a  mean 
duration  of  symjitoms  about  one-half  as  long  as  those  in  their  study.  Those 
patients  without  dilatefl  ventricles  receiving  methylprednisolone  had  a  mean 
duration  of  symptoms  about  one-quarter  of  those  in  the  above-mentioned 
study,  while  our  patients  with  dilated  ventricles  receiving  methylprednisolone 
had  a  mean  duration  of  symptoms  about  one-eighth  of  those  in  their  study. 

Kornreich  (4)  found  that  95%  Oi.  administered  in  a  tent  was  associated 
with  the  disappearance  of  all  symptoms  in  2-2V2  days,  while  Von  Storch  (5) 
and  others  (6)  found  that  a  careful  program  of  anesthesia,  pre-medication, 
control  of  cerebrosinnal  fluid  loss,  sedatives,  fluids  and  95%  O2  would  lessen 
the  duration  of  post-pneumoencephalograin  symptoms.  No  data  as  to  the 
duration  of  symjitoms  was  given,  however. 

Since  intrathecal  administration  of  methyl]irednisolone  causes  such  a  marked 
reduction  in  duration  of  symptoms  (13.5  hours)  compared  to  other  therapeutic 
regimens,  it  would  seem  to  be  the  single  most  effective  agent  for  this  purpose. 

Concerning  myelography  and  its  attendant  complications,  Ma.son  and  Raaf 
(7)  found  that  fever,  meningismus  and  headache  appeared  within  five  to 
twenty-four  hours  after  myelography  and  lasted  a  variable  length  of  time. 
Smith  and  Ross  (8 1  treated  meningeal  inflammatory  response  induced  by 
Pantopaque  with  steroids  with  good  results.  Davies  (9)  found  the  incidence 
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of  iiost-iny('lou;r;iiihic  reactions  to  be  ()(Vc  with  56,  70  patients  havini^  immedi- 
ate reactions  while  14/70  jiatients  had  chronic  reactions.  In  these  patients, 
contrast  material  was  not  removed  from  the  subarachnoid  space. 

Our  data  show  a  lower  incidence  of  post-myelographic  symptoms  varying 
lietween  33-40%  of  control  jiatients.  However,  all  patients  had  attempted 
complete  removal  of  contrast  material.  As  might  be  predicted  from  Smith  and 
Ross'  results,  our  patients  treated  with  methylprednisolone  had  a  markedly 
reduced  incidence  of  symptoms  (10%)  and  duration  of  symptoms  (5  hours) 
as  compared  to  control  groui)s. 

The  mechanism  of  action  of  methylpivdnisolone  in  these  circumstances  is 
completeh-  miknown  and  explanations  involving  anti-inflammatory  effects  of 
the  steroid  are  speculative.  Of  considerable  interest  is  its  effectiveness  in 
abbreviating  the  duration  of  symptoms  following  the  injection  of  foreign  ma- 
terial, be  it  air  or  Pantopaque.  These  previously  difficult  and  painful  proce- 
dures can  be  made  much  less  traumatic  for  the  patient  and  his  hospital  stay 
may  be  considerably  shortened.  Methylprednisolone  is,  however,  no  panacea, 
and  a  few  attempts  to  treat  post-pneumoencephalogram  symptoms  after  they 
have  fully  developed  have  met  with  mediocre  success.  Post-myelographic 
symptoms  seem  to  be  more  amenable  to  treatment  even  some  days  after  the 
procedure.  There  have  been  occasional  reports  (10,  11)  of  patients  who  have 
undergone  pneumoencephalography  or  myelography,  received  intrathecal  in- 
stillation of  methylprednisolone  and  w^ere  asymptomatic  for  forty-eight  hours 
only  to  de^"(>lop  a  full-blown  syndrome  u])  to  5  days  following  the  procedure. 
These  patients  promptly  responded  to  oral  steroid  therapy.  An  insufficient 
number  of  cases  is  as  yet  available  for  further  comment  except  to  speculate 
that  in  some  cases  increased,  or  repeated  doses  of  methylprednisolone  may  be 
necessary.  Of  interest  is  the  possibility  that  prophylactic  treatment  with  ster- 
oids of  patients  about  to  have  myelography  or  pneumoencephalography  may 
modify  or  even  eliminate  the  symptoms  occurring  dui'ing  the  procedure.  This 
a{)proach  is  w^orthy  of  further  investigation. 

SUMMARY 

One  hundred-twenty  patients  undergoing  fractional  air  pneumoencephalog- 
raphy were  divided  into  four  groups  of  thirty  patients  each.  Group  I  re- 
ceived 10  cc  intrathecal  instillation  of  normal  saline  following  the  procedure; 
Group  II  received  an  equal  volume  of  methylprednisolone  acetate  (Depo- 
Medroll  and  polyglycol  vehicle  in  normal  saline;  Group  III  received  an  equal 
volume  of  polyglycol  vehicle  in  normal  saline;  and  Group  IV  received  no 
injection.  Subsequent  examinations  revealed  that  there  was  a  statistically 
significantly  decreased  duration  of  post-pneumoencephalogram  symptoms  in 
the  group  I'eceiving  methyliii'ednisolone  (13.5  hours)  as  compared  to  the  other 
groups  (43-47  hours) . 

One  hundred-twenty  patients  ha^•ing  Pantopaque  myelography  were  stud- 
ied as  above.  The  group  receiving  methylprednisolone  had  a  statistically  sig- 
nificantly decreased  incidence  (10%)  and  duration  of  symptoms  (5  hours)  as 
compared  to  the  control  groups  (33-40%  and  25-30  hours) . 
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It  i.s  concliKkMl  that  iiil  I'at  liccal  instillation  of  met  liy  Ipi-cilnisolonc  is  of 
significant  clinical  value  in  alleviation  of  symptoms  following  air  pneumoen- 
cephalography and  Pantopaque  myelography. 
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Balloon  Catheter  Ocelusioii  for  Evaluation  of  High 
Pressure  Patent  Diietus  Arteriosus 
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ROBERT  S.  LITWAK,  M.D. 

New  York,  N.  Y. 
INTRODUCTION 

The  selection  of  patients  with  patent  ductus  arteriosus  for  operative  inter- 
vention is  determined  primarily  by  the  presence  and  degree  of  associated  pul- 
monary hypertension.  The  safety  and  desirability  of  surgery  in  cases  with 
normal  or  slightly  elevated  pulmonary  pressure  is  unquestioned.  In  those 
instances  where  pressure  in  the  lesser  circuit  exceeds  systemic  pressure  and  a 
constant  reversal  of  flow  exists,  surgery  is  contraindicated  (1-9). 

Patients  with  inilmonary  hypertension  approaching  systemic  values  and 
with  phasic  or  only  partially  reversed  flows,  present  a  difficult  challenge  in 
hemodynamic  assessment  and  suitability  for  surgery.  Balloon  catheterization, 
with  temporary  occlusion  of  the  patent  ductus  in  the  intact  chest,  affords  a 
nonoperative  method  of  evaluation  in  these  cases. 

The  use  of  a  balloon  catheter  to  occlude  a  patent  ductus  arteriosus  was  de- 
scribed in  1959  by  Actis-Dato  and  Tarquini  (10).  This  technique  allows 
measurements  of  flow  through  and  pressures  on  either  side  of  a  patent  ductus 
arteriosus  in  the  intact,  non-anesthetized  patient.  Clinical  as  well  as  hemo- 
dynamic assessment  during  ductus  occlusion  is  easily  carried  out. 

An  illustrative  case  is  presented. 

CASE  REPORT 

G.B.,  a  21  year  old  female  was  admitted  to  The  Mount  Sinai  Hospital,  New 
York,  September  10,  1962,  for  evaluation  of  a  cardiac  murmur  first  heard  5 
weeks  previously.  She  denied  any  symptoms  related  to  her  cardiac  or  pulmo- 
nary systems.  Her  blood  pressure  was  114/64,  with  a  regular  pulse  of  86  per 
minute.  The  point  of  maximal  cardiac  impulse  w^as  in  the  fifth  intercostal 
space  one  centimeter  beyond  the  midclavicular  line.  There  was  no  i)recordial 
heave,  shock  or  thrill.  The  second  pulmonic  sound  was  loud  and  normally 
split.  In  the  left  second  to  third  intercostal  sjiace  there  w'as  a  Grade  IV/VI 
pansystolic  murmur  and  an  inconstantly  heard  Grade  II/VI  diastolic  murmur. 
There  was  no  cyanosis  or  clubbing.  Peripheral  pulses  were  normal. 

Blood  count,  urinalysis  and  routine  blood  chemistries  were  normal.  Sickle 
cell  preparation  was  negative.  Chest  x-rays  revealed  slight  biventricular  hy- 
pertrophy. Electrocardiogram  was  suggestive  of  right  ventricular  hypertrophy 
and  the  vector  cardiogram  showed  possible  biventricular  hypertroi)hy. 

Cardiac  catheterization  on  Sc])tember  13,  1962,  revealed  data  consistent 
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with  a  liiti;h  |)rcssur('  patent  ductus  arteriosus,  witli  a  I'estiiifj;  puliiionary  artery 
prt'ssure  of  92  systolif  and  a  simultaneous  aortic  systolic  pressure  of  112  mm 
of  mercury.  There  was  no  peripheral  desaturation.  The  ratio  of  pulmonary  to 
systemic  blood  flow  was  2.4/1.  Selective  aortic  angiography  I'evealed  a  patent 
ductus  arteriosus  with  pulmonic  insufficiency. 

Balloon  catheter  studies  were  perfoiined  October  3,  19()2.  A  double  lumen 
balloon  tip  catheter,  8'/2  freiicli,  with  the  proximal  recording  Imnen  4  cm  from 


Fig.  1.  tiallcjon  (■athctor  in  i)laco  with  inflated  balloon  occluding  ductus. 

the  tip*  was  passed  via  the  right  heart,  through  the  patent  ductus  arteriosus,  and 
into  the  aorta.  Under  ffiioroscopic  control  the  balloon  was  inflated  with  radio- 
opaque  dye  and  withdrawn  to  occlude  the  ductus  (Fig.  1).  The  systolic  mur- 
mur was  obliterated  and  the  ductus  remained  occluded  for  5  minutes  with  no 
untoward  effects.  The  aortic  pressure  changed  from  114/64  with  a  mean  of  82 
to  108/81  with  a  mean  of  92.  Pulmonary  artery  pressure  fell  from  118/72, 
mean  of  89  (Fig.  2A  l ,  to  67/38,  a  mean  of  48  (Fig.  2B).  The  aortic  oxygen 
content  changed  from  17  to  16.3  volumes  ])er  cent,  while  in  the  pulmonary 
artery  it  fell  from  15.5  to  13.3  volumes  per  cent. 

*  (Dotter-Lukas  ^3,  American  Catheter  Com]ian\  ). 
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On  October  5.  1962.  the  patii'iit  undiTwi'iit  division  and  suture  of  the  patent 
ductus  arteriosus.  The  ductus  was  2.5  cm  in  diameter.  Operative  pressures 
showed  puhnonary  artery  70/50  with  a  mean  of  62  and  brachial  artery  79/55 
with  a  mean  of  62.  After  division  of  the  ductus  the  puhnonary  artery  fell  to 
55/40  with  a  mean  of  45  and  the  brachial  artery  rose  to  90/75  with  a  mean  of 


Fig.  2A.  Pre.ssure  tracing  prior  to  ductus  occlusion.  . 


Fig.  2B.  Pressure  tracing  during  occlusion  of  ductus  with  balloon. 

85  (Fig.  3).  An  incidental  finding  at  siu'gery  was  hilar  nodes  consistent  with 
sarcoidosis.  Later,  a  Kveim  reaction  was  positive. 

The  postoperative  course  was  unremarkable  until  the  eighth  postoperative 
day  when  she  had  findings  suggestive  of  acute  appendicitis.  Appendectomy 
was  performed,  at  wliicli  time  her  appendix  was  normal  and  no  intra-abdomi- 
nal pathology  was  found  to  account  for  the  clinical  or  laboratory  findings 
which  had  led  to  laparotomy.  The  i)atient  was  discharged  on  October  27, 
1962.  There  was  a  gradual  diminution  in  heart  size  and  pulmonary  artery 
segment.  The  electrocardiogram  showed  gradual  regression  of  right  ventricu- 
lar hypertrophy. 
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Repent  catheterization  18  iiioiitli.--  alter  surgery  showed  only  minimal  pul- 
monary artery  hypertension.  Right  ventricuhir  pressure  was  40/0,  pulmonary 
artery  33/17  with  mean  24,  and  brachial  artery  106/77  with  mean  84. 

DISCUSSION 

Though  the  etiology  of  luilmonary  hypertension  in  patent  ductus  or  other 
extra  or  intracardiac  left  to  right  shunt  is  poorly  understood,  the  existence  of 
such  hypertension  often  becomes  the  dominant  feature  in  the  particular  le- 
sion (1,  3-6,  11-17).  The  size  of  the  shunt,  previous  pulmonary  disease,  poly- 
cythemia, persistence  of  fetal  pulmonary  vasculature  and  other  factors  have 


Fig.  3.  Pre.s.sure  tracing  ut  tlie  time  of  ductus  occlusion  during  .surgery. 

been  implicated  as  causative  factors  in  inci'eased  pulmonary  resistance,  but 
no  consistent  pattern  has  been  noted  (18-28).  Duration  may  also  play  a  role 
in  that  the  longer  a  shunt  into  the  lesser  circuit  continues,  the  more  enhanced 
is  the  possibility  of  pulmonary  hypertension  development  (29). 

In  the  patient  wdth  "high  pressure"  patent  ductus,  preoperative  evaluation 
is  essential  because  of  the  technical  difficulties  and  generally  brittle  state  of 
the  cardiovascular  system  during  surgery  (2,  5,  30,  31).  The  method  of  bal- 
loon occlusion  of  the  patent  ductus  appears  to  lend  itself  well  to  temporary, 
reversible  evaluation  of  the  hemodynamic  problem. 

When  this  procedure  results  in  a  rise  in  pulmonary  artery  pressure,  a  fall 
in  systemic  pressure  or  clinical  deterioration  of  the  patient,  permanent  ductus 
occlusion  appears  contraindicated.  A  fall  in  pulmonary  artery  pressure  with 
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a  rise  in  systemic  i)rcssure  and  well  being  of  the  patient  during  occlusion 
strongly  supports  operability. 

If  no  pressure  change  is  noted,  but  the  jiatient  tolerates  balloon  occlusion 
for  5  to  10  minutes  without  untoward  symptoms,  then  cautious  exercise  toler- 
ance testing  with  continuous  occlusion  may  be  tried.  This  latter  type  of  pa- 
tient requires  further  study  to  determine  operability.  It  is  likely  that  more 
refined  surgical  techniques  will  permit  interruption  of  the  ductus  in  this  group 
of  patients  and  will  extend  the  value  of  the  catheterization  observations. 

Regression  of  pulmonary  hypertension  has  been  recorded  in  a  variety  of 
closed  left  to  right  shunts  (1,  9,  32).  Braunwald,  et  al.  noted  that  regression 
of  pulmonary  hypertension  is  more  likely  to  attend  the  closure  of  an  extra- 
cardiac  defect  than  the  correction  of  an  intracardiac  lesion  (33) . 

Technically,  the  passage  of  the  balloon  catheter  through  the  patent  ductus 
is  usually  feasible  (10,  34,  35).  The  procedure  undoubtedly  has  significant 
risk.  The  prognosis  for  life  in  this  group,  however,  is  extremely  poor  and  such 
risk  appears  acceptable  rather  than  to  subject  a  patient  to  a  surgical  "trial" 
occlusion  with  its  attendant  high  morbidity  and  mortality. 

This  technique  was  employed  in  another  patient  (N.M.)  in  March,  1963. 
While  oxygen  values  suggested  complete  ductus  occlusion,  no  significant  pres- 
sure changes  were  noted.  The  balloon  was  well  tolerated,  in  the  occluding 
position,  for  10  minutes.  After  withdrawal  of  the  balloon  catheter,  another 
catheter  was  introduced  to  perform  angiocardiography.  Atrial  perforation  oc- 
curred and  closed  pericardial  drainage  was  required  to  treat  pericardial 
tamponade.  The  patient  recovered  uneventfully.  This  second  patient  was  not 
subjected  to  surgery  so  that  follow  up  data  are  not  available. 

SUMMARY 

The  technique  of  preoperative  evaluation  of  high  pressure  patent  ductus 
arteriosus  by  balloon  occlusion  and  simultaneous  clinical  and  physiological 
observation  is  presented.  This  method  is  valuable  in  the  selection  of  cases  for 
operative  interruption  of  a  high  pressure  patent  ductus  arteriosus.  Further 
experience  with  the  technique  coupled  with  surgical  closure  in  borderline 
cases  should  serve  to  broaden  the  applicability  of  balloon  occlusion  of  the 
patent  ductus  arteriosus. 
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Gullslone  Ileus 


A.  ROBERT  BECK,  M.D. 
New  York,  N.  Y. 

The  i'ollowinji  rcixjrt  is  based  on  three  cases  of  gallstone  ileus  treated  at  The 
Mount  Sinai  Hospital  during  a  recent  two  month  period  and  17  cases  treated 
at  the  hospital  during  the  25  year  period  from  1938  to  1963. 

Gallstone  ileus  is  a  mechanical  intestinal  obstruction  caused  by  one  or  more 
stones  impacted  within  the  lumen;  such  stones  account  for  about  2%  of  all 
mechanical  small  intestinal  obstructions  (1,  2,  3).  Females  are  more  often 
affected  than  males,  with  a  generally  accepted  ratio  of  7:1.  The  patients  are 
usually  in  their  sixties  and  seventies  (4).  The  mortality  rate  is  high,  ranging 
from  20  to  75%  in  various  series  (5,  2,  4) . 

The  gallstone  finds  its  way  into  the  small  bow^l  following  the  creation  of  a 
cholecyst-enteric  fistula.  The.se  fistulae  begin  with  the  formation  of  inflam- 
matory adhesions  between  the  gallbladder  and  adjacent  organs,  and  .subse- 
(|uent  erosion  of  a  stone  through  the  gallbladder  or  its  main  duct  into  the 
i^astrointestinal  tract  (6).  The  fistula  is  usually  between  the  gallbladder  and 
the  duodenum,  but  fistulae  may  develop  between  the  gallbladder  and  the 
stomach,  jejunum,  ileum,  colon,  bronchus,  pericardium  or  pleura.  Even  fistulae 
with  the  genito-ui'inary  tract  have  been  reported  (7) . 

Having  entered  the  lumen,  the  .stone  passes  down  the  small  bowel,  where  it 
may  become  impacted  or  held  up  by  local  spasm.  The  spasm  may  then  relax, 
allowing  the  stone  to  pass  down  to  a  lower  level  and  again  cause  obstruction. 
The  usual  point  of  obstruction  is  just  proximal  to  the  ilio-cecal  valve  (2) ,  or 
elsewhere  in  the  terminal  ileum.  Stones  may  also  impact  elsewhere  in  the 
gastrointestinal  tract  anywhere  from  the  pylorus  down  to  the  anal  canal. 
Those  impacted  at  the  anus  can  be  found  and  removed  digitally  (e.g.,  Case  8). 

Symptoms  may  at  first  be  related  to  the  inflammatory  process  in  the  gall- 
bladder or  the  passage  of  the  stone  through  the  fistula,  but  this  is  usually  not 
the  case.  More  commonly,  intermittent  colicky  abdominal  pain  and  vomit- 
ing, as  well  as  abdominal  distention  and  obstipation  are  the  presenting  symp- 
toms. Vomitus  may  be  green  or  fecal,  depending  upon  the  level  of  the  ob- 
struction. Symptoms  may  be  intermittent  as  the  stone  becomes  lodged  at  one 
level  causing  symptoms  of  obstruction,  and  then  passes  further  along  the 
bowel  with  temporary  relief  of  the  obstruction.  When  first  seen,  the  patient's 
symptoms  may  be  vague  as  in  Case  1  or  may  immediately  suggest  the  diag- 
nosis (Case  2) . 

The  physical  signs  are  those  of  intestinal  obstruction.  The  patient  is  usu- 
ally very  ill  with  dry  and  furred  tongue  and  some  abdominal  distention, 
though  this  may  not  be  apparent,  as  most  are  obese.  Visible  peristalsis  is 

From  the  Department  of  Suigery,  Tlie  Mount  Sinai  Hospital,  New  York,  X.  Y.  ( Au- 
thor'.? present  address:  The  Department  of  Surgery,  Childrens  Hospital,  Buffalo.  N.  Y.) 
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I'art'ly  presi'iit.  Borhoi'Vi^nii  may  he  inci-cascil  in  the  earlier  stages,  though  the 
abdomen  may  he  sik^nt  as  a  resuU  of  inihimmation  or  early  gangrene  at  the 
site  of  imi)aeti()n.  \\'hen  there  is  local  tenderness  in  the  I'egion  of  tlie  gall- 
bh^dder  this  is  a  x  aluahle  sign  and  may  be  the  tirst  indication  of  the  diagnosis. 

Clinical  featui-es,  on  the  whole,  contribute  little  to  the  diagnosis  and  now- 
adays, if  the  diagnosis  is  madi'  ]M-eoperatively,  it  is  neai-ly  always  the  x-ray 
findings  which  have  led  to  it. 


Fic  1.  Case  1 — Flat  film  of  the  abdomon.  Note  air  in  llir  biliary  tree. 


The  plain  film  of  the  al:)domen  is  of  great  value  in  establishing  the  diagno- 
sis of  gallstone  ileus  (8).  The  diagnostic  pictui'e  is  of  air  in  the  biliary  tree 
associated  with  distended  loops  of  small  bowel  (Fig.  1,  Fig.  4j.  At  times  the 
gallstone  may  actually  be  demonstrated  within  the  intestine  (9) ,  or  it  may 
change  its  position  from  the  gallbladder  to  a  new  location  (Case  3).  Cholecyst- 
enteric  fistulac  may  be  demonstrated  with  radiopaque  material,  but  this  is 
usually  not  necessary. 

Treatment  is  surgical.  Several  hours  of  fluid  and  electrolyte  replacement 
may  be  necessary  in  the  preoperative  period,  and  gastrointestinal  intubation 
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iiKiy  lie  liclpl'ul  (liii'iii^  this  waitiiifj;  pci-iod,  |)i-()l()n;4c(l  dchiy  in  opfi-ative 
intervention  is  dangerous. 

Surgery  is  aimed  at  relief  of  the  ohsti'uction.  The  segment  of  the  howel  in 
wliich  the  stone  lies  imi)acte(l,  is  usually  edematous  and  inflaninicd  I  Kig.  2). 
The  stone  is  therefore  "milked"  proximally  into  a  I'elatively  iioinial  segment 
of  bowel  and  removed  through  an  enterotomy. 

This  is  the  classic  treatment  recommended  in  those  cases  where  the  stone 
can  be  shifted.  There  are,  however,  occasions  when  it  can  not  be  disimioacted. 
For  these  it  has  been  i-eeommended  (9)  that  an  entei'otomy  be  done  distal  to 


Fig.  2.  Case  I — Small  bowel:  stone  can  be  seen  throusli  the  tliinned-uut  wail  of  the  ileum. 

the  stone  and  the  stone  crushed  by  means  of  an  instrument  ])assed  through 
this.  However,  the  maneu^•er  may  be  dangerous  and  even  when  the  stone  can 
be  grasped  and  crushed,  .serious  damage  can  be  done  to  the  already  devitalized 
mucosa  (4j.  In  cases  where  ulceration  or  gangrene  has  occurred  at  the  site  of 
impaction,  resection  of  the  affected  .segment  with  end-to-end  anastomosis  (4) 
or  enteriorization  of  the  bowel,  in  a  patient  who  is  too  ill  to  withstand  resec- 
tion (3) ,  is  recommended. 

Stones  may  be  multiple,  and  careful  insjiection  of  the  .stone  is  required  for 
the  presence  of  a  facet  which  indicates  that  other  stones  may  be  present  in  the 
bowel,  gallbladder  or  both.  A  search  may  show  another  stone  in  the  gastro- 
intestinal tract,  either  loose  or  impacted.  The  gallbladder  is  u.sually  found  to 
be  obscured  in  an  inflammatory  mass.  Rarely  is  the  patient's  condition  good 
enough  for  cholecystectomy  and  exploration  of  the  ducts.  It  is  therefore  usu- 
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ally  lu'cc^sary  to  leave  the  gallbladder  and  reoperate  when  the  patient  has 
fully  recovered  from  the  intestinal  obstruction.  It  is  then  sometimes  noted 
that  the  fistula  has  closed  spontaneously,  or  at  least  shrunk  down  consider- 
ably. If  the  gallbladder  is  not  operated  upon,  new  stones  will  almost  cer- 
tainly form. 

C.^.SE  REPORTS 

Case  1.  A.  O'N. 

A  previously  well  60  year  old  woman  was  admitted  with  a  5  day  history  of 
anorexia  and  nausea.  Two  days  before  admission,  she  began  to  vomit  inter- 


FiG.  3.  Case  I — Removal  of  stone  through  enterotomy  after  milking  it  proximally  into 
normal  bowel. 

mittently  and  became  obstipated.  The  day  before  admission,  she  began  to 
have  dull,  almost  constant  left  lower  quadrant  pain  and  her  temperature  rose 
to  102  degrees.  A  history  of  "fullness"  and  "heartburn"  following  the  ingestion 
of  fatty  foods  was  obtained. 

Examination  of  the  abdomen  revealed  moderate  tenderness  in  the  left  lower 
quadrant,  localized  guarding  and  hypoa(?tive  bowel  sounds.  Her  abdomen  was 
not  distended.  The  blood  count  was  normal.  The  working  diagnosis  was 
diverticulitis  of  a  mild  degree.  Intravenous  fluid  and  tetracycline  were  given, 
and  the  patient  appeared  to  be  comfortable.  The  following  day  she  still  had 
minimal  left  low'er  quadrant  abdominal  signs.  She  remained  afebrile,  but  her 
white  count  had  risen  to  12,600.  Bilirubin  was  3.2  mgm%,  and  alkaline  phos- 
phatase was  normal.  Plain  films  of  the  abdomen  revealed  gas  and  fluid  in 
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se\'or:il  l()()|)s  of  proximal  small  intestine,  which  appcai'cMl  to  he  considerably 
dilated.  Also  noted  was  a  small  amount  of  streaky  gas  in  the  biliary  tree 
(Fig.  1).  An  x-ray  examination  with  gastrografin  swallow  was  performed  and 
this  demonstrated  a  cholecystoduodenal  fistula  as  well  as  a  cholecysto-colic 
fistula  (to  the  hepatic  flexure).  During  the  course  of  the  examination,  the 
patients  abdomen  became  somewhat  distended,  and  she  began  to  vomit;  she 
was  operated  upon  forthwith.  The  major  portion  of  the  small  bowel  was  col- 
lapsed. Upon  tracing  the  collapsed  l)owel  proximally,  a  hard,  spherical  object 
was  encountered  within  the  lumen  of  the  bowel  which  lay  in  the  left  lower 
quadrant.  Immediately  proximal  to  this,  the  bowel  was  dilated,  edematous, 
inflamed,  and  covered  by  a  shaggy  fibrinous  exudate.  The  point  of  obstruction 
was  31/9  feet  from  the  ligament  of  Treitz.  A  firm  10  cm  mass  covered  by  ad- 
herent omentum  was  jialpated  in  the  area  of  the  gallbladder.  The  stone  was 
"milked"  jH-oximally  into  an  area  of  relatively  normal  bowel  (Fig.  2)  and 
was  removed  through  a  small  enterotomy  (Fig.  3).  The  stone  was  smooth, 
oval,  dark  green  in  color  and  measured  4  cm  in  length.  The  patient's  post- 
operative course  was  uneventful  and  she  was  discharged  on  the  twelfth  i)ost- 
operativc  day,  and  has  been  well  since  then. 

Comment.  Symptoms  in  this  case  were  at  first  vague  and  suggested  colonic 
disease.  Later,  signs  and  .symptoms  of  small  bowel  obstruction  developed. 
Diagnosis  was  made  on  x-ray  examination.  Two  unusual  features  were  the 
presence  of  two  fistulae  from  the  gallbladder  and  the  high  level  of  obstruction 
(jejunum)  cau.sed  by  the  stone. 

Case  2,  W.L. 

A  61  year  old  female  entered  The  Mount  Sinai  Hospital  with  a  3  day  history 
of  abdominal  cramps  and  2  days  of  abdominal  distention,  vomiting  and  ob- 
stipation. She  had  had  no  previous  surgery,  but  was  hospitalized  in  1958  be- 
cause of  biliary  colic.  She  was  an  obese,  ill,  white  female  with  temperature  of 
103  degrees,  vomiting  brown  fecal  smelling  material.  Films  of  the  abdomen 
demonstrated  many  dilated  small  bowel  loops  containing  air  fluid  levels  and 
air  in  the  biliary  tree  (Fig.  4).  She  was  given  intravenous  electrolyte  solu- 
tions, antibiotics  and  rectal  aspirin.  A  Cantor  tube  was  passed,  and  four  hours 
after  admission  she  was  exi)lored.  Many  loops  of  moderate  to  markedly  di- 
lated small  bow^l  were  encountered.  Several  collapsed  loops  were  seen  in  the 
right  lower  quadrant  (Fig.  5).  The  collapsed  terminal  ileum  was  traced  prox- 
imally until  a  gallstone  measuring  3  cm  in  diameter  was  located  18"  from 
the  ileocecal  valve.  The  bowel  in  the  area  of  the  .stone  was  edematous  and  had 
a  fibrinous  exudate  on  its  surface.  The  stone  was  removed  in  a  manner  similar 
to  that  used  in  the  first  case.  The  stone  was  yellowish,  firm,  spherical  and 
non-facetted.  A  firm  mass  was  felt  in  the  right  upper  quadrant  of  the  ab- 
dominal cavity.  The  patient  ran  a  febrile  course  for  five  days,  after  which 
her  temperature  gradually  returned  to  normal.  She  was  discharged  on  the 
fifteenth  postoperative  day. 

Comvient.  This  case  presented  as  an  obvious  low  small  bowel  obstruction. 
The  diagnosis  of  gallstone  ileus  was  made  without  x-rays  because  of  the 
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patit'iitV  histoi'V  of  jiallhladder  (li.-^casc,  tlie  fact  that  she  had  had  no  jirior 
surgery  and  probably  most  important,  because  the  first  case  had  been  seen 
only  6  weeks  earlier. 

The  stone  was  found  in  its  most  conunon  location,  the  terminal  portion  of 
the  ileum. 


Fig.  4.  Ca.se  II — Upright  film  of  abdomen  (showing  dilated  loops  of  small  bowel,  fluid 
levels,  and  air  in  the  biliary  tree. 

Case  3.  R.  R. 

This  82  year  old  white  female  was  admitted  to  The  Mount  Sinai  Hospital 
with  a  24  hour  history  of  crampy  abdominal  pain.  One  year  prior  to  admission, 
she  was  operated  upon  at  another  hospital  for  pyloric  obstruction.  A  large 
inflammatory  mass  was  found  which  was  causing  extreme  pressure  on  the 
pyloroantral  region  of  the  stomach.  It  was  presumed  to  be  a  carcinoma  of  the 
gallbladder,  and  a  gastro-jejunostomy  was  done.  She  was  well  until  the  day 
prior  to  admission  when  she  developed  abdominal  pain,  obstipation,  nausea 
and  vomiting.  She  was  afebrile.  Examination  of  the  abdomen  revealed  diffuse 
tenderness  and  diminished  bowel  sounds.  White  count  was  16,000.  An  obstruc- 
tive x-ray  series  demonstrated  some  air  in  the  biliary  tree,  and  a  large  cal- 
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cilicalioii  whicli  was  |)|-c>uiiumI  to  lie  in  the  tiallliladdcr,  hut  luj  evidence  of 
intestinal  ohst  I'uct  ion  ( Ki^.  (il.  Inti'aveiious  lluids  wei'e  adniinisterod.  The 
patient  continued  to  complain  of  \-a^ue  ahdoininal  pain,  mainly  in  the  left 
lowei-  (|uadrant.  She  I'emained  afehrile.  ( )n  tlie  fourth  hospital  day,  she  l)e<ran 
to  vomit  and  hei'  abdomen  hecame  distended.  Rejieat  films  of  the  ahdomen 
I'evealed  dilated  small  howel  loojjs,  and  the  pi'e\'ioiisly  noted  right  upper 
(|uadrant  calcification  had  disai)i)eared.  Laparotomy  was  performed  and  two 
gallstones,  one  4  cm  in  diametei'  and  the  second  21-;  cm  wei'e  found  in  the 
terminal  iletnn. 


Fifi.  5.  Ca.se  II — Small  bowel:  dilated  and  collapsed  bowel  proximal  and  distal  to  the  ob- 
struction. 

The  patient's  sul)sec|uent  course  was  uneventful  and  she  was  discharged  on 
the  sixteenth  postoperative  day. 

Comment.  The  interesting  feature  in  this  case  is  the  presence  of  multiple 
stones.  At  the  time  of  the  first  film,  one  stone  had  already  passed  into  the 
bowel,  causing  the  patient's  symptoms  and  accounting  for  the  presence  of 
both  air  and  a  stone  in  the  biliary  system.  Further  symptoms  were  caused 
after  the  passage  of  the  second  stone,  and  the  conii)lete  obstruction  which 
followed. 

REVIEW  OF  cases:  1938-1963 

During  the  25  year  ])ei'iod  from  1938  to  1963,  20  patients  with  gallstone 
ileus  were  admitted  to  The  Motmt  Sinai  Hosi)ital.  These  cases  are  sum- 
marized in  Chart  1. 
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Age.  The  average  age  \va(>  68.3  years,  the  youngest  patient  being  53  and  the 
oldest  86  years  old.  The  majority  of  cases  fell  into  the  60-69  year  age  group. 

Sex.  There  were  16  females  and  4  males — a  ratio  of  4:1.  Sixteen  patients  had 
known  gallstones  or  a  history  of  gallbladder  disease. 

Location  of  fistulae  and  .sfotics.  The  exact  location  of  a  fistula  was  estab- 
lished either  by  post  mortem  examination  or  by  roentgenographic  contrast 
studies  in  7  cases.  One  cholecystogastric  fistula  and  6  cholecystoduodenal 


Via.  6.  Case  III — Plain  film  of  tho  abdomen.  Note  stone  m  the  gall  Ijlatkler  and  air  in  the 
biliary  tree.  No  evidence  of  obstruction. 

fi.'^tulae  were  demonstrated.  Of  the  latter,  one  was  associated  with  a  chole- 
cystocolonic  fistula  (hepatic  flexure)  and  one  was  a  double  fistula  to  the 
duodenum. 

The  obsti'uction  was  usually  caused  by  a  single  large  stone,  but  multiple 
stones  in  the  same  location  were  found  in  two  patients.  (In  a  case  not  included 
in  this  series,  two  stones  were  found  in  different  locations  simultaneously.  One 
was  impacted  in  the  pylorus  and  a  second  in  the  jejunum.  A  cholecyst-gas- 
tric  fistula  was  present.  I 

The  majority  of  stones  became  impacted  in  the  ileum;  11  in  the  lower  por- 
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lioii  Jiiid  3  111  the  upper  ileum.  Of  tlio.-e  stones  rec()Vei'e(  1  IVoni  the  lowei'  ileuu), 
most  wei'e  not  impacted  at  the  ileocecal  \alve,  hut  were  a  distance  of  from 
one  to  three  feet  from  it.  Two  stones  lodged  in  the  jejuninn,  one  at  the  pylorus 
(vomited  spontaneously  I  and  two  stones  had  to  bo  removed  from  the  rectvun. 
Only  one  stone  was  s|)ontaneously  passed  per  I'ectum. 

Treatment.  Sixteen  of  the  twenty  cases  underwent  surgery  for  relief  of  in- 
testinal obstruction,  and  five  were  treati'd  nonoi)eratively.  One  patient  (Case 
9 1  had  recui-i'cnt  episodes  of  obstruction.  The  first  was  relieved  spontaneously 
when  she  vomited  a  large  gallstone.  The  secontl  obstruction  required  a  lapa- 
rotomy. This  accounts  for  the  apparent  discrepancy  in  the  total  number  of 
cases. 

Since  gallstone  ileus  is  usually  considered  a  surgical  problem,  it  is  of  in- 
terest to  note  that  six  cases  were  treated  non-opeiatively,  and  the  results  that 
were  obtained  were  as  follows:  One  patient  vomited  a  large  gallstone  and 
I'elieved  the  obstruction  spontaneously.  Three  patients  (Cases  3,  10  and  12 j 
were  not  operated  upon  because  of  their  "extremely  jioor  general  condition." 
One  had  been  ill  for  a  week  prior  to  hospitalization  and  died  within  24  hours 
of  admission.  The  second  patient  had  been  ol)structed  "for  several  days" 
prior  to  admission.  Her  diagnosis  was  never  entirely  clear.  Initial  conserva- 
tive management  using  intravenous  fluids  and  nasogastric  suction  was  suc- 
cessful, but  the  patient's  condition  soon  deteriorated  and  she  died.  Post  mor- 
tem examination  revealed  an  obstructing  gallstone  in  the  lower  ileum,  and 
pulmonary  emboli. 

The  third  patient  had  been  vomiting  for  5  days  prior  to  admission  and  was 
treated  at  first  with  nasogastric  suction  and  intravenous  fluids.  Her  general 
condition  improved  and  she  passed  a  large  gallstone  l)y  rectum.  She  again 
entered  the  hosi:)ital  six  months  later  with  low  grade  intestinal  obstruction. 
She  was  again  treated  con.servatively,  but  this  time  failed  to  improve  and  was 
ex])lored.  At  surgery,  she  was  found  to  have  an  infiltrating  adenocarcinoma 
of  the  gallbladder  with  invasion  of  the  root  of  the  small  bowel  mesentery 
producing  mesenteric  vascular  occlusion  and  gangrene  of  the  small  intestine. 
She  died  two  days  later.  The  original  cholecystoduodenal  fistula  was  demon- 
strated at  the  post  mortem  examination. 

One  patient  (Case  8 1  was  in  good  general  condition,  but  it  was  elected  by 
her  physician  to  treat  hei'  non-operatively.  X-rays  showed  small  bowel  ob- 
struction anrl  the  absence  of  a  previously  demonstrated  gallstone  from  the 
right  u|)per  (juadrant.  Several  days  later,  films  showed  large  and  small  bowel 
obstructions  and  a  gallstone  in  the  rectum.  This  was  removed  manually  and 
the  ])atient  ra])i(lly  recovered. 

In  the  majoi'ity  of  opei-ated  cases,  a  simple  entei'otomy  and  removal  of  the 
.stone  was  performed.  In  one  case  (No.  2),  the  enterotomy  was  converted  into 
a  Witzel  type  enterostomy  for  decompression  and  feeding.  One  patient  was 
originally  seen  in  another  hospital  because  of  abdominal  cramps  and  vomiting. 
After  two  weeks  of  ti'eatment  with  long  tubes,  an  ascending  colon  colostomy 
was  jjei'formed.  The  |)atient   was  .seen  at  The   ^^ount  Sinai  Ho.spital  five 
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months  hitci'  l)cc;m.-c  of  a  stony  hard  mass  in  the  rcctinn.  The  mass  was  re- 
moved mannally  and  |)i-o\-cd  to  he  a  li      huninuted  gallstone. 

Three  of  fonrtccn  cases  which  sui'vi\-('d  more  than  four  (hiys  had  wound 
infections. 

Mortalitij.  Thci'e  wci-e  six  deaths  in  the  series,  an  ovci-all  mortality  of  30%. 
Operative  moi'tahty  was  25%.  Thi'  two  patients  who  (heil  during  conservative 
therapy  ha\'e  ah'('ail>'  heen  discussed  The  foui'  postoperative  mortalities  will 
he  examined  in  more  detail. 

One  patient  was  doing  well  after  removal  of  a  gallstone  from  her  ileum. 
However,  she  had  several  myocardial  infarctions  fluring  the  second  and  third 
postoperative  week  and  died  of  her  lieart  disease.  The  three  remaining  cases 
were  all  seen  late  in  the  course  of  their  disease  and  wei'e  in  ]ioor  condition 
when  they  entered  the  liospital.  All  were  operated  tipon  within  24  hours  of 
admission.  One  patient  diccl  7  hours  postoperatively.  Death  was  found  on 
post  mortem  examination  to  be  due  to  bronchopneumonia. 

The  second  patient  died  on  the  fourth  postoperative  day  due  to  cardiac 
failure.  The  thii'd  patient  had  peiitonitis  at  the  time  of  surgery  from  which 
he  never  recovered. 

It  is  interesting  to  note  that  the  majority  of  deaths  occurred  during  the 
early  years  of  this  25  year  survey  and  that  several  of  these  had  evidence  of 
obstruction  for  many  days  prior  to  admission  to  the  liosjiital.  There  were  no 
deaths  in  the  last  seven  cases  occurring  since  1958. 

DISCtTSSIOX 

The  liigh  mortality  generally  associated  with  gallstone  ileus  is  largely  due 
to  the  delay  which  takes  |)lace  between  the  onset  of  symiitoms  and  the  estab- 
lishment of  the  correct  diagnosis.  In  some  cases  it  is  due  to  an  even  longer 
delay  after  the  diagnosis  has  been  made.  Early  operative  intervention  is  the 
treatment  of  choice  in  this  disease,  and  delay  in  surgery  for  significant  jieriods 
of  time  in  the  ho])e  that  the  stone  will  pass  spontaneously  or  in  the  usually 
^■ain  attt'uipt  at  long  tid)e  decompression  is  to  be  condemned. 

An  awareness  of  the  existence  of  the  disease,  the  value  of  a  careful  history, 
and  the  search  for  x-ray  evidence  of  air  in  the  biliary  tree  are  all  necessary 
to  encourage  early  diagnosis  and  operation. 

SIMM.\RY 

1.  A  general  discussion  of  the  incidence,  pathology,  symptomatology  and  di- 
agnosis of  gallstone  ileus  is  presented. 

2.  Three  recent  cases  of  gallstone  ileus  are  jiresented  in  detail. 

3.  An  additional  17  cases  are  summarized  and  analyzed. 

4.  The  im|)ortance  of  eai'ly  diagnosis  and  surgery  is  stressed. 
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Addition  of  D.B.I.  improved  the  control  in  (hV,  of  patients  pi'eviou.sly 
poorly  controlled  with  Orinase  or  insulin  alone.  A  relationship  was  noted  in 
that  greater  dosage  was  associated  with  greater  reduction  and  that  longer 
duration  of  treatment  also  influence(l  the  final  weight. 

This  paper  is  a  retrosiX'ctive  study  of  the  use  of  phenformin  (D.B.I.)  in 
the  management  of  the  diabetic  state.  The  influence  of  iihenformin  on  body 
weight,  its  relationshi))  to  conti'ol  of  the  diabetic  state,  and  the  interrela- 
tionship of  these  variables  have  been  evaluated  and  form  the  major  basis  for 
this  report.  A  theory  of  j^henformin  action  is  proposed  and  indirect  evidence 
for  its  validity  is  presented. 

MATERIALS  AND  METHODS 

The  population  under  investigation  consisted  of  patients  in  the  Diabetes 
Clinics  of  the  Elmhurst  and  Greenpoint  Hospital  Divisions  of  The  Mount 
Sinai  Hospital  of  New  York.  The  clinics  consisted  of  a  total  of  627  patients, 
46%  Caucasian,  30%  Puerto  Rican,  and  24%  Negro,  all  indigent.  The  patients 
were  seen  by  the  same  three  internists  at  regular  intervals  for  a  period  of  six 
months  to  two  years.  On  each  clinic  visit  the  patient  was  weighed.  Urine 
samples  fmid-afternoon,  bedtime,  and  before  breakfast)  were  examined  for 
sugar  by  the  Clinitest  method.  In  addition,  all  patients  received  a  diet  de- 
signed to  limit  an  excess  amount  of  carbohydrate  and  were  urged  to  maintain 
or  reach  an  ideal  weight.  Blood  sugars  were  detei-mined  by  the  Hoffman 
method  (1)  at  appropriate  intervals  in  the  Greenjioint  laboratory. 

The  following  data  were  obtained  for  each  of  the  patients  in  the  study: 
age,  sex,  pojiulation  group,  duration  of  diabetes,  blood  pressure,  type  of  ther- 
apy, duration  of  therapy  and  blood  sugar.  Diabetic  control  was  graded  by 
Clinitest  results:  n  =  0,  trace  =  i/o,  1+  =  1,  2+  =  2,  etc.  The  re.sults  of  three 
visits  prior  to  the  addition  of  phenformin  were  computed  and  were  later  com- 
pared to  tho.se  of  visits  immediately  preceding  the  final  collection  of  the  data. 
Reduction  by  one  half  or  more  of  the  earlier  tests  scores  constituterl  a  good 
response.  Serum  cholestei'ol  and  triglycerides  were  obtained  and  are  pre- 
sented in  a  subsequent  ])ai)er. 

A  total  of  72  subjects,  14  males  and  58  females,  were  investigated.  Thirty- 
eight  per  cent  were  Caucasian,  24%  were  Negro,  and  38%  were  Puerto  Rican. 
This  distribution  was  similar  to  that  of  the  clinic  (Table  1 1.  There  were  4  sub- 
jects ages  20-34,  26  subjects  ages  35-59,  and  32  sul:)jects  over  the  age  of  60. 

From  the  Diabete.s  and  Xutrition  Clinics,  P]lmliui>t  Division  of  Tlio  Mount  Sinai 
Hospital,  New  York,  N.Y. 

Send  requests  for  reprints  to:  Dr.  Stanley  Mirsky,  4  East  70  Street,  New  York,  N.Y. 
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RESULTS 

I'JiJcctirciiess  of  plicn  forinni.  Success  as  judged  l»y  a  I'cdiict  ion  in  tJic  initial 
coniposite  urine  su^ar  score  by  more  that  50%  was  achicveci  ui  44%  of  the 
patients  talvino;  phenfonnin  and  insuHn,  and  7)'%  of  the  subjects  taking  phen- 
fonnin  and  tolbutamide.  This  coml)ination  thei-a|)y  was  successful  in  38  of  (iO 
patients,  or  ()3';.  The  luimliei-  of  subjt'cts  taking  j^henformin  alone  was  too 
small  for  evaluation.  It  should  be  stated  that  phenl'ormin  was  given  only  to 
patients  not  adequately  conti'olleil  by  insulin  or  tolbutamide  alone  finable  III. 

Age.  The  addition  of  phenfoi'uiin  to  either  insulin  or  tolbutamide  unproved 
diabetic  control  in  68%  of  the  subjects  35-59  years  of  age,  and  in  65%  of 
subjects  over  the  age  of  60.  One  of  foui'  patients  under  the  age  of  34  benefited 
from  the  coml)ination  therapy  (Tal)le  III). 

»Se.T.  The  combination  of  phenformin  and  tolbutamide  was  successfully  em- 
ployed in  88%  of  male  subjects  and  in  68%  of  female  subjects.  The  combina- 
tion of  phenformin  and  insulin  was  successfully  utilized  in  61%  of  female 
subjects.  The  male  i)henfonnin  and  insulin  subgroup  was  too  small  to  evalu- 
ate. Taken  together,  the  two  combination  therapies  were  successful  in  54% 
of  male  subjects  and  in  66%  of  female  subjects  (Table  II). 

Fopuiation  group.  Seventy  per  cent  of  Caucasian,  54%  of  Negro  and  62% 
of  Puerto  Rican  subjects  res]ionded  favorably  (Table  III). 

Weight.  Weight  loss  of  more  than  5  pounds  or  a  gain  of  more  than  5  pounds 
was  considered  significant.  For  the  purpose  of  this  study,  subjects  who  fell 
between  these  limits  w^re  arbitrarily  considered  to  have  had  no  change  in 
weight.  Thirty-seven  per  cent  of  subjects  receiving  phenformin  and  insulin, 
35%  on  phenformin  and  tolbutamide  and  37.5%  on  phenformin  alone  lost 
more  than  five  pounds  aftei-  the  addition  of  phenformin  to  the  therai)eutic 
pi'ogram.  Thirty-one  and  one-half  per  cent,  9%,  and  50%  res])ectively  of  these 
groups  gained  moie  than  5  pounds.  No  change  was  noted  in  31.5%  of  the 
phenformin  and  insulin  grouj),  56%  of  those  subjects  on  tolbutamide  and 
])henfoi'min,  and  12.5%,  of  those  on  phenformin  alone.  Weight  loss  in  26  sub- 
jects ranged  from  5  to  33  pounds  with  a  median  loss  of  11  pounds.  It  was  of 
interest  to  compare  dose  relationship  weight  loss  in  patients  losing  more  than 
10  pounds.  In  the  small  group  taking  50  mg  of  phenformin  only  one  out  of 
four  patients  lost  more  than  10  pounds.  In  the  patients  receiving  100  mg  of 
phenformin,  six  patients  in  a  group  of  eleven  patients  lost  more  than  ten 
pounds  with  five  losing  sixteen  to  twenty-one  plus  pounds.  This  greater  loss 
of  weight  with  higher  dosage  of  phenformin  was  also  seen  in  the  150  mg 
gi  ouj)  where  five  out  of  1 1  ])atients  lost  eleven  or  more  pounds  (Table  IV) . 

Duration  of  treat ii/cnf.  Of  patients  taking  ])henformin  for  6  to  12  months 
and  losing  more  than  5  ])ounds,  only  three  out  of  ten  lost  11  or  more  pounds. 
When  phenformin  had  been  taken  foi'  13  to  25  months,  nine  patients  out  of  a 
comparable  grouji  of  sixteen  \osi  eleven  or  moi'e  pounds.  Six  of  these  patients 
lost  16  or  more  ])Ounds  (Table  IV) . 

Relationship  of  control  to  weight  gain  or  freight  loss.  Eighteen  per  cent  of 
im])roved  control  subjects  I'eceiA'ing  phenformin  alone  oi'  in  combination  therapy 


1S2 


STANLEY  MIRSKY  AND  MELVIN  SCHWARTZ 


o;aiiU'(l  inorr  than  ")  pounds,  whik'  29^f  lost  more  tliun  f)  i)ounds.  In  the  uniiu- 
proA-ed  group  9%  gained  more  than  5  i)Ounds  and  36%  lost  more  than  5 
pounds.  Fifty-three  i)er  cent  of  improved  control  subjects  and  r->'V(  of  unimproved 
control  subjects  remained  at  the  same  weight  (Table  1\'  I . 

Dose  relationship.  Twenty-six  per  cent  of  patients  receiving  50  mg,  10%  of 
those  receiving  100  mg,  and  25%  of  those  receiving  150  mg  gained  more  than 
5  pounds  (Table  IV).  Twenty-one  per  cent  of  subjects  receiving  50  mg,  40% 
receiving  100  mg,  and  40%  receiving  150  mg  per  day  lost  more  than  5  pounds 
and  were  further  evaluated  to  see  if  the  weight  loss  was  due  to  high  phenfor- 
nnn  dosage  or  to  poor  control.  Degree  of  control  was  known  in  20  of  these 
25  subjects.  Thirty-tlu-ee  i)er  cent  of  the  improved  group  and  45.5%  of  the 
unimpi-oved  group  lost  weight.  Weight  gain  of  more  than  5  pounds  was  more 
frecjucnt  in  the  imjiroved  group,  33.3%  as  compared  with  9%  (Table  IV) . 

An  evaluation  was  made  of  the  interrelationship  of  age,  sex,  duration  of 
diabetes,  |)()pulation  group,  and  body  weight  to  weight  gain  or  weight  loss  in 
phentonuiii  treateil  subjects.  Ideal  body  weight  was  estimated  by  the  formula 
110  ll)s.  ±:  5  lbs.  for  every  additional  inch  over  or  under  5  feet  of  height  for 
men,  and  100  lbs.  ±  5  lbs.  for  women.  Per  cent  overweight  was  calculated  as 
follows:  present  weight/ideal  weight  X  100. 

Subjects  above  the  age  of  55  with  diabetes  of  relatively  short  duration 
(less  than  5  years)  were  most  likely  to  lose  weight  although  other  groups 
also  benefited.  There  was  essentially  no  difference  in  weight  loss  among  the 
[toinUation  groups. 

There  was  a  greater  rate  of  weight  reduction  in  the  group  that  weighed  less 
than  50'v  above  their  ideal  weight  than  in  those  who  were  either  under  weight 
or  massively  obese  (Table  V). 

DISCUSSION 

Our  results  show  that  phenformin  in  i)Oorly  controlled  jxitients  on  insulin 
or  tolbutamide  resulted  in  improved  diabetic  control  in  63%  of  the  subjects. 
Improvement  was  not  related  to  age,  sex,  population  group,  positive  family 
history  of  diabetes  or  diastolic  blood  pressure.  The  percentage  of  success  was 
similar  to  that  of  other  reports  in  the  literature  (2-5).  There  was  a  loss  of 
more  than  five  pounds  in  37%  of  8  patients  on  phenformin  alone.  Absolute 
weight  loss  ranged  from  5  to  33  pounds  with  a  median  loss  of  11  pounds.  A 
higher  dosage  of  phenformin  was  associated  with  a  higher  percentage  of  pa- 
tients losing  weight.  There  was  a  loss  of  more  than  5  i)ounds  in  40%  of  pa- 
tU'Hts  ix'ceiving  100  mg  of  phenformin  per  day  and  40%  receiving  150  mg  per 
day.  By  comparison  there  was  weight  loss  of  moi'e  than  5  pounds  in  only  21% 
receiving  50  mg  per  day.  This  trend  of  greater  effectiveness  of  100  mg  or  150 
mg  as  op]iosed  to  50  mg  of  phenformin  was  seen  again  in  the  patients  losing 
11  or  more  pounds.  Only  25%  of  the  50  mg  group  losing  more  than  five  poimds 
lost  this  much  weight.  Even  more  significant  is  that  in  the  total  of  19  patients 
receiving  50  mg  of  phenformin  only  one  lost  11  or  more  pounds.  In  subjects 
taking  higher  dosages  (100  mg  or  150  mg)  however,  and  falling  in  the  group 
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that  lost  more  than  ,")  iiounds,  ")()',  lost  more  than  H)  poumls.  H'  Ihc  tiicoiip 
could  1)('  studictl  for  a  longei'  period  of  time,  this  ini.u;hl  have  been  iiioiv  strik- 
ing since,  in  patients  taking  piienlornun  for  13-2;")  months  instead  of  ()-l2 
months,  56%  lost  11  or  more  i)oimds  as  opposed  to  30%. 

Tlie  relationship  of  weight  loss  to  diabetic  control  was  carefully  evaluated 
since  good  control  is  generally  associated  with  maintenance  of  body  weight 
and  poor  control  is  often  associated  with  weight  loss.  It  is  a  common  clinical 
ol)servation  however  that  many  i)eople  with  poor  control  will  nevertheless 
gain  weight.  This  is  due  to  the  fact  that  their  caloric  intake  is  greater  than 
their  body  exj^enditure  in  addition  to  the  glucose  lost  in  the  urine. 

Poor  control  did  not  explain  the  weight  loss.  There  was  a  loss  of  more  than 
5  pounds  in  36%  of  patients  under  poor  control  but  there  was  also  this  weight 
loss  in  29%  of  those  whose  control  was  good.  In  addition,  9%  of  the  unim- 
proved group  gained  more  than  5  pounds.  The  greater  weight  loss  in  the  un- 
improved group  may  be  explained  at  least  in  part  by  the  fact  that  they  re- 
ceived a  higher  dosage  of  phenformin  (Table  IVj .  Of  20  patients  treated 
with  150  mg  of  phenformin  per  day,  9  had  improved  diabetic  control  and  11 
experienced  no  improvement.  Thirty-three  per  cent  of  this  group  with  improved 
control  lost  more  than  five  pounds.  Forty-five  and  five  tenths  per  cent  of  the  un- 
imjiroved  group  on  150  mg  lost  the  same  amount.  This  suggests  that  of  the  two 
factors  operative,  dosage  of  phenformin  and  control  of  the  diabetic  state,  the 
former  is  the  more  important.  This  was  retrospectively  studied;  therefore,  no 
particular  group  can  be  said  to  be  influenced  by  the  bias  of  the  investigator.  Sig- 
nificant weight  loss  (5  pounds  or  more)  occurred  most  frequently  in  subjects  ovei' 
the  age  of  60  with  diabetes  of  less  than  five  years  duration,  although  subjects  of 
similar  age  with  diabetes  of  longer  duration  and  younger  subjects  with  diabetes 
of  both  short  and  long  duration  also  lost  weight.  The  sex  or  population  group  of 
the  subject  did  not  appear  to  influence  weight  loss.  Subjects  exceeding  their  ideal 
body  weight  by  less  than  50%  tended  to  lose  weight  more  frequently  than 
did  the  markedly  obese  or  underweight  subjects. 

The  claim  has  been  made  by  others  that  phenformin  can  facilitate  weight 
reduction  in  the  diabetic  patient.  Review  of  the  literature  reveals  that  Patel 
and  Stowers,  using  phenformin,  claimed  failure  to  produce  weight  loss  in 
obese  diabetics  in  only  7  of  160  iiatients  (6).  This  result  was  achieved  in  the 
face  of  better  control  of  the  blood  sugar.  The  weight  loss  was  attributed  to 
anorexia  although  the  average  dose  of  phenformin  was  75  mg,  an  amount  not 
associated  with  anorexia  in  our  study  or  in  the  majority  of  clinical  reports. 

Moss,  et  al.  with  a  measured  diabetic  diet  and  with  less  than  15%  of  44 
adult  patients  affected  by  anorexia,  nausea,  diarrhea,  or  metalic  taste, 
stated  that  3  patients  gained  weight,  12  remained  stationary,  and  29  showed 
a  consistent  weight  loss  while  taking  phenformin.  In  this  study  there  was  ex- 
cellent, fair,  and  poor  control  in  all  three  groups  (7). 

Weller,  et  al.  studied  46  obese  patients  receiving  phenformin,  85%  of  whom 
were  satisfactorily  controlled.  He  noted  a  gradual  ivduction  in  weight  to- 
ward, but  not  significantly  below,  estimated  noiiiial  weights  in  many  of  the 
cases.  The  exact  number  was  not  given  (8j . 


184 


STANLEY  MIRSKY  AND  MELVIX  SCHWARTZ 


Iviiddina;,  it  al.  observed  that  of  10  ])atients  receiving  siUfonylureas,  5 
gained  and  5  lost  weight;  of  5  patients  tieated  with  insulin,  2  gained  and  3 
lost;  in  9  patients  receiving  phenformin,  6  gained  and  3  lost  weight  (9). 

A  niiiuher  of  factors  influence  weight  loss,  among  them  psychological,  ge- 
netic, specific  caloric  intake  and  activity.  One  must  also  postulate  the  addi- 
tional mechanism  of  phenformin's  action  in  jiroducing  weight  loss  in  these 
cases.  To  begin  with,  it  is  important  to  know  what  metabolic  process  in  the 
normal  subject  is  associated  with  weight  gain  and  then  find  out  where 
phenformin  enters  the  picture.  There  are  two  main  metabolic  pathways  of 
carbohydrate  metabolism  in  the  cell.  The  first,  the  Embden-Mayerhof,  is 
"anaerobic"  and  liberates  all  six  carbon  atoms  of  glucose  as  C02  .  The  main 
oxidative  coenzyme  in  this  pathway  is  Col,  or  DPN.  The  other  takes  place 
in  the  cytoplasm  rather  than  the  mitochondria  and  is  the  oxidative  hexose 
monophosphate  shunt.  The  main  enzyme  in  the  latter  pathway  is  coenzyme 
II  (TPN,  NADP).  In  the  liver  up  to  half  the  carbohydrate  metabolism  may 
proceed  through  this  ])athway,  although  the  shunt  is  important  for  the  reduc- 
tive synthesis  of  long  chain  fatty  acids,  gluconeogenesis  from  aminoacids, 
biosynthesis  of  cholesterol,  steroids,  purines,  and  aminoacids  (10). 

Briefly  stated,  the  E-M  pathway  with  coenzyme  I  acting  as  the  main  hy- 
drogen carrier  leads  to  the  oxidation  of  hydrogen  with  Co:-  and  H20  as  prod- 
ucts. This  is  conducive  to  weight  loss.  The  HMS  pathway  with  coenzyme  II 
(TPN  Ha)  as  the  transport  link  leads  to  the  storage  of  hydrogen  as  fatty  acids 
and  tryglycerides  and  consequent  weight  gain. 

One  can  propose  a  theory  of  surplus,  that  is,  too  much  insulin  or  too  much 
glucose  acting  as  a  stimulus  for  increased  insulin  production  can  stimulate 
the  pentose-phosphate  shunt.  Siperstein  has  stated  that  dietary  glucose  in  ex- 
cess of  that  required  for  immediate  energy  could  be  preferentially  directed 
into  the  pentose-phosjihate  route  under  the  influence  of  insulin  resulting  in 
increased  Coll. Ho  with  stimulation  of  lipogenesis  and  storage  of  glucose  as 
fat.  This  could  be  under  the  influence  of  a  transhydrogenase.  In  conditions 
of  carbohydrate  deprivation  the  E-M  pathway  is  operative  and  the  rate  of 
weight  loss  is  increased  (11).  This  could  be  the  explanation  for  the  effect  of 
"gorging"  rather  than  isocaloric  "nibbling"  on  lipogenesis  in  rats  (12).  Gor- 
don's study  demonstrated  that  when  humans  as  well  as  animals  ate  large  in- 
fi'efiuent  meals,  energy  was  stored  in  the  body  as  fat.  Small  frequent  meals 
(nibbling)  discouraged  it  (13).  It  was  also  demonstrated  by  investigators  in 
Prague  that  excessive  weight,  increased  serum-cholesterol,  and  diminished  glu- 
cose tolerance  were  significantly  more  common  among  those  taking  3  meals 
or  less  than  those  taking  more  than  3  meals  (14). 

Not  only  the  spacing  of  feedings  but  the  type  of  food  consumed  influences 
tlie  choice  of  pathway  utilized.  Keys  has  demonstrated  that  substitution  of 
sugar  by  isocaloric  amounts  of  more  slowly  absorbed  vegetable  carbohy- 
drates can  lower  serum  cholesterol  significantly  (15).  This  again  implies  E-M 
activity. 

In  laboratory  experience  it  is  also  evident:  Winegrad  and  Renold  dem- 
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onstrutcd  increases  in  HMS  activity  and  a  convsponditi^  iiicivasc  in  lipo- 
eenesis  in  ac  lipose  tissue  exposed  to  insulin  (!()).  (dock  also  demonstrated 
significant  increased  activities  of  the  deliydrogenases  of  the  shuiil  pathway 
in  animals  treated  with  insulin  (17).  The  amount  of  insulin  might  have 
been  imjioi'tant  in  their  findings,  for  the  fact  that  excess  insulin  might  be  at 
fault  is  seen  in  patients  with  islet  cell  adenomas.  These  patients  frequently 
gam  a  givat  deal  of  weight.  This  is  ascril)ed  to  the  hypoglycemic  attacks  re- 
quiring the  patients  to  eat  more  food.  Less  well  known  is  that  \u  tumoi'  slices 
of  islet  cell  adenomas  more  ^^Coy  is  derived  from  glucose  1-C  than  from  glu- 
cose 6-C,  implicating  the  HMS  pathway  as  the  one  in  operation  in  this  con- 
dition (18). 

It  is  of  interest  that  in  the  aforementioned  paper  on  weight  reduction  by 
Patel  and  Stowers  the  addition  of  the  potent  insulin  stimulator,  sulfonylurea, 
to  phcnformin  treated  patients  resulted  in  a  weight  loss  less  than  in  patients 
receiving  i)henformin  alone.  In  another  study  West  and  Tophoj,  using  a  dif- 
ferent sulfonylurea,  chlorpropamide,  in  a  dose  of  125  to  250  mg  given  for 
three  to  twenty-six  months,  showed  a  weight  gain  in  eighteen  of  twenty- 
three  patients  though  the  control  of  diabetes  was  unsatisfactory  in  many  of 
the  subjects  (19) . 

How  exactly  does  phenformin  accomplish  the  opposite  of  insulin  or  the  oral 
sulfonylureas?  Th(>  mechanism  of  action  of  phenformin  on  carbohydrate  me- 
tabolism is  disputed.  ( triginally  it  was  shown  that  phenformin  in  animals  was 
followed  by  an  increase  in  blood  lactic  acid  and  decreased  oxygen  uptake  by 
the  muscles.  This,  along  with  in  vitro  observations,  suggested  that  j^henformin 
acts  simply  by  inhibiting  aerobic  (HMS)  tissue  metabolism.  Two  observa- 
tions refute  this  jiremise.  First,  the  concentrations  emj^loyed  in  experiments 
varied  between  10  fjig/ml  and  1.7  mg  ml.  The  maximum  human  therapeutic 
dose  is  300  to  350  mg  of  phenformin  daily,  with  a  resulting  tissue  concentra- 
tion below  5  /xg/ml.  No  cunudative  effect  is  known.  Secondly,  other  drugs 
such  as  barbiturates  and  phenothiazine  tranquilizers  may  produce  tissue  hy- 
poxia without  a  hypoglycemic  effect  (20-24). 

A  more  reasonable  explanation  would  appear  to  be  an  insulin  potentiating 
activity  effect  either  in  the  peri])hery  or  in  the  livev.  If  glucose  could  be  uti- 
lized with  a  smaller  concentration  of  insulin,  this  might  result  in  less  Coll. Ho 
available  for  the  HMS  pathway. 

Grodsky  demonstrated  a  hyperinsulin  response  by  immunochemical  assay 
after  oral  glucose  in  subjects  with  maturity-onset  diabetes,  obese  non-diabetic 
subjects,  and  non-obese  non-diabetic  subjects  with  a  strong  family  history 
for  diabetes  (25) . 

This  is  very  interesting  because  it  may  mean  we  have  been  looking  at  only 
one  side  of  the  coin.  We  have  always  supposed  that  obesity  predisposed  one 
to  diabetes.  This  was  supported  by  the  work  of  Handle  who  demonstrated 
F.F.A.  from  adipose  tissue  inhibited  glucose  utilization  (26).  Now  turning  the 
coin  over  we  see  that  increased  insulin  res])onse  in  the  prediabetic  can  very 
well  lead  to  obesity  and  this  may  be  a  consecjuencc  of  early  diabetes.  If  one 
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were  to  ^rade  (lialu'tics  this  would  he  sta,ij;('  I  whereas  ilialx'tes  as  we  know  it 
today  wouhl  be  a  eonseciuenee  of  exhaustion  of  the  beta  eells  and  or  insulin 
inhibition  by  bloekinp;  antibodies. 

This  response  eould  be  reduced  eonsistently  by  phent'orniin.  Butterfield  also 
showed  diminished  insulin  requirement  by  demonstrating  that  phenformin, 
as  well  as  insulin  or  the  sulfonylureas,  could  reduce  the  higher  critical  level 
of  arterial  blood  sugar  which  must  be  exceeded  before  glucose  can  enter  the 
cell  in  diabetic  subjects  (271. 

The  effect  of  i)henformin  on  adipose  tissue  when  employed  in  therapeutic 
concentrations  has  been  shown  by  other  investigators  to  significantly  potenti- 
ate the  action  of  insulin  with  an  increase  in  glucose  oxidation  (28,  29) . 

Facts  inconsistent  with  the  insulin  potentiating  etTect  are  that  i)henformin 
has  no  effect  on  the  normal  in(li^•idual  (30),  and  that  the  intravenous  insulin 
tolerence  test  does  not  change  in  the  presence  of  phenformin  (31).  The  fact 
that  phenformin  is  effective  only  in  diabetic  subjects  does,  however,  .suggest 
that  perhaps  phenformin  interferes  with  the  jdasma  insulin  inhibitors.  If  it 
could  be  shown  that  the  insulin  bound  f taction  has  an  effect  on  hepatic  or 
adipose  tissue  li|)id  synthesis  while  not  exerting  an  effect  on  glucose,  many 
paradoxes  would  l)e  solved.  Shoemaker,  et  al.  have  suggested  this  may  be  the 
case  (32).  The  effect  of  phenformin  would  therefore  be  to  inhibit  insulin  bind- 
ing and  its  consequent  effect  on  li])id  synthesis.  Clinically,  therefore,  one 
should  find  a  fall  in  cholesterol  and  triglycerides  as  a  primary  effect  and  a 
glucose  lowering  effect  if  enough  free  or  unbound  insulin  were  available.  In 
fact,  with  less  circulating  NEIFA,  glucose  utilization  could  be  efficient  and  the 
lowered  blood  glucose  would  provide  a  lessened  stimulus  for  insulin  production 
from  the  pancreas.  With  a  decrease  in  bound  insulin  or  even  in  total  insulin, 
less  HMS  actiA'ity  would  be  observed  and  weight  loss  could  result,  as  demon- 
strated in  this  pa])er.  We  in  fact  studied  these  i)atients  to  see  if  the  phen- 
formin treated  subjects  had  a  lower  cholesterol  and  ti'iglyceride  level.  This 
indeed  was  the  case,  sui)|)orting  the  above  hypothesis.  This  will  be  reported 
in  a  subsequent  papei'. 

COXCLUSION 

Phenformin  in  combination  with  insulin  or  tolbutamide  improved  the  con- 
trol of  63%  of  subjects  previously  poorly  controlled,  regardless  of  age,  .sex, 
duration  of  diabetes,  pojiulation  group,  family  history  or  blood  jiressure. 

A  significant  weight  loss  of  more  than  5  pounds  occurred  in  36%  of  all  sub- 
jects. Patients  receiving  100  to  150  mg  of  ])henformin  had  twice  as  much 
chance  of  losing  significant  weight  as  patients  receiving  50  mg.  Higher  dosage 
also  correlated  with  greater  weight  reduction,  i.e.,  11  out  of  22  patients  losing 
more  than  5  pounds  lost  more  than  10  pounds  when  taking  100  to  150  mg  whereas 
only  1  out  of  4  other  patients  taking  50  mg  lost  a  comparable  amount  of  weight. 
There  was  also  greater  loss  of  weight  with  longer  duration  of  treatment. 

It  is  suggested  that  insulin  in  bound  form  or  in  excess  jirovides  a  stimulus 
for  shunt  activity  with  body  storage'  and  weight  gain.  Phenformin,  by  lowering 
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total  insulin  rcMiviircnicnt  or  inliibitinji;  insulin  hindiuji,  makes  loss  insulin 
available  for  the  shunt,  and  therefore,  produces  less  tendency  for  weight  gain. 
Plicnformin  is  recommended  as  an  important  adjunct  to  the  treatment  of  the 
obese  diabetic.  Since  cholesterol  and  triglycerides  are  also  lowered  by  em- 
ploying the  E-M  metabolic  pathway,  i)henfonnin  could  be  recommended  as 
a  i)ossible  tool  to  lessen  the  rapidly  progressive  atherosclerosis  of  the  diabetic 
individual.  A  subsequent  paper  is  concerned  with  this  problem. 
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TABLE  I 


Composition  of  Clinic  and  Study  Group 


Numbers 

Male 

Female 

%  White 

%  Puerto 
Rican 

%  Negro 

Total  Population 

Population  Emplo\-ed  in  Study 

627 
72 

164 
14 

463 
58 

46 
38 

30 
24 

24 
38 
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TAIiLE  II 


Glaviixuriu  ImprovenienI  willi 


Total  No. 

Subjects 

Improved 

Same 

%  Improvement 

1)BI   (illd  IllSllllI) 

fi 

o 

If) 

44 

I         T    *|  111]    (  \r\  li-wi. 

ou 

1 9 

71 

Xny  DBI  ('onil)iiuiti(iii 

00 

38 

22 

63 

Sex 

Males 

DBI  Insulin 

5 

0 

5 

DBI  and  Orinase 

8 

7 

1 

88 

Any  DBI  Combination 

13 

7 

f) 

54 

Females 

DBI  and  Insulin 

13 

8 

5 

61 

DBI  and  Orinase 

34 

23 

11 

68 

Any  DBI  Combination 

47 

31 

1(3 

66 

TABLE  III 


Factors  Related  to  Efficacy  of  DBI  Therapy 


Number  of 
Subjects 

«  Im- 
proved Sub- 
jects 

%  Improved 

Xo.  "Same" 
Subjects 

%  "Same" 
Subjects 

Population  Group 

White 

23 

16 

70 

7 

30 

Puerto  Rican 

24 

15 

()2 

9 

38 

Negro 

13 

i 

54 

4 

46 

Age 

20-34 

4 

1 

25 

3 

75 

35-59 

26 

17 

68 

8 

32 

60-80 

32 

20 

65 

11 

35 

Duration  of  Diabetes 

Less  than  5  yrs. 

23 

16 

69 

7 

31 

5-10  yrs. 

23 

11 

48 

12 

52 

10+  yrs. 

14 

11 

78 

3 

22 

Family  History  of  Diabetes 

Positive 

21 

14 

67 

7 

33 

Negative 

34 

23 

68 

11 

32 

Diastolic  Blood  Pressure 

>90  mm  Hg 

11 

9 

82 

2 

18 

<90  mm  Hg 

40 

28 

70 

12 

30 

TABLE  IV 
DBI  and  Weight 


Number 

Lost 
>  5 

>  5 

No 
Change 
in 

Weight 

%  Losing 

%  Gaining 

%  No 
Change 

Rolat  ionship    of    Change  in 

Weight   to  Type  of  Drug 

Therapy 

DBI  and  Insulin 

19 

7 

6 

6 

37 

31.5 

31.5 

DBI 

8 

3 

4 

1 

37.5 

50.0 

12.5 

DBI  and  Orinase 

45 

— 

16 

— 

4 

— 

25 

— 

35 



9 



56.0 

72 

26 

14 

32 

36% 

19% 



45 

of  total 

of  total 

of  total 

Control  on  DBI,  with  Insulin 

or  Orinase 

Patient  Improved 

38 

11 

7 

20 

29 

18 

53 

Patient  Unimproved 

22 

8 

2 

12 

36 

9 

55 

60 

19 

9 

32 

32 

15 



53 

Dosage  of  DBI 

50  mg 

19 

4 

5 

10 

21 

26 

53 

100  nig 

28 

11 

3 

14 

40 

.  10 

50 

150  mg 

25 

10 

6 

8 

40 

25 

33 

Degree  of  C'ontrol  in  Patients 

on  150  nig 

Control  Improved 

9 

3 

3 

3 

33.3 

33.3 

33.3 

Control  Unimproved 

11 

5 

1 

5 

45.5 

9 

45.5 

Dosage  of  DBI  and  Weight  Loss 


Weight  Loss 

«  of  Subjects 

%  Losing  10  lbs.  + 

Dosage 

50  mg 

5  10 

3 

11-15 

1 

25 

l()-20 

21  + 

100  mg 

5-10 

5 

11-15 

1 

55 

16-20 

3 

21  + 

2 

150  mg 

5-10 

6 

11-15 

3 

46 

16-20 

1 

21  + 

1 

Weight  Loss  Based  on  Duration  of  Treatment 


Weight  loss  based  on  duration 

6-12  montlis 

5-10 

7 

30 

11-15 

2 

16-20 

1 

21-25 

13-25  months 

5-10 

7 

56 

11-15 

3 

16-20 

3 

21-25 

2 

26+ 

1 
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TABLE  V 


Factors  Influencing  Change  in  Weight 


Gained  ^  5 

Lost  >  5 

Same 

hex 

Males 

6 

4 

Females 

1  o 

99 

Age 

ZU-o4 

1 

1 
1 

7 
/ 

7 

60-80 

7 

18 

Duration  of  Diabetes 

5 

1 

12 

5-10 

6 

7 

10 

8 

7 

Population  Group 

White 

10 

10 

Puerto  Rican 

4 

7 

Negro 

4 

9 

Body  Weight 

Underweight 

0 

1  (25%) 

3 

Nl-25%  over 

4 

7  (47%) 

4 

26-50%  over 

2 

9  (47%) 

8 

50-100%  over 

2 

5  (33%) 

8 

100%,  &  over 

2 

2  (20%) 

6 

Weight  Loss  >  5  lbs. 

26  patients 

Range  5-33 

Median  11 

CLINICO-PATHOLOGICAL  CONFKRENCE 


Abdominal  Pain,  Skin  Lesions,  and  Shock 
in  an  Elderly  Woman 

Edited  by 
FRANKLIN  M.  KLION,  M.D. 
New  York,  N.  Y. 

A  92  year  old  white  female  was  admitted  to  The  Mount  Sinai  Hospital 
because  of  abdominal  pain,  diarrhea  and  shock. 

A  diagnosis  of  chronic  lymphatic  leukemia  with  hepatosplenomegaly  was 
established  approximately  five  years  prior  to  admission  and  the  patient  re- 
ceived radiotherapy  for  an  enlarged  spleen.  She  was  also  found  to  be  in  con- 
gestive heart  failure  with  bilateral  pleural  effusions  and  ascites  which  re- 
sponded well  to  digitalis  and  diuretics  and  she  was  maintained  on  digitalis 
and  chlorothiazide  in  addition  to  prednisone  (5  mg  per  day)  until  one  year 
prior  to  admission.  Ten  days  prior  to  admission  she  developed  epigastric  pain. 
Donnatal  and  milk  of  magnesia  decreased  the  intensity  of  the  pain;  however, 
five  days  prior  to  admission  her  family  noted  her  urine  to  be  bloody.  She  was 
seen  by  her  private  physician  who  also  noted  a  mild  temperature  elevation 
and  placed  her  on  tetracycline  therapy.  Two  days  later  she  developed  a  severe 
non-bloody  diarrhea,  unresponsive  to  tincture  of  opium  and  sulfasuxidine. 
Two  days  prior  to  admission  she  was  noted  to  be  groggy  and  unresponsive. 
Oral  intake  during  this  period  was  poor.  On  the  day  of  admission  her  private 
physician  found  her  to  be  unconscious  with  a  blood  pressure  of  70/40,  and  a 
distended,  tender  abdomen. 

At  age  76  she  had  an  apj^endectomy  for  acute  appendicitis  and  at  age  82  a 
repair  of  an  incarcerated  femoral  hernia.  The  recorded  blood  pressures  on 
these  admissions  were  180/86  and  190/100,  respectively. 

She  was  an  elderly  white  female  who  only  responded  to  loud  noises  by 
blinking.  Her  eyes  were  deviated  to  the  right  and  the  pupils  did  not  react  to 
light.  The  blood  pressure  and  radial  pulse  were  unobtainable,  but  a  pulse 
could  be  palpated  in  the  right  femoral  artery.  The  respirations  were  36  per 
minute  and  the  temperature  was  101°.  Vesicles  containing  yellow  fluid  with 
hemorrhagic  bases  were  scattered  over  the  neck,  chest,  abdomen  and  inguinal 
regions.  Petechial  and  pui'puric  hemorrhages  were  also  noted  over  the  neck, 
chest  and  extremities.  The  PMI  was  not  palpable.  The  heart  beat  was  ir- 
regular and  a  grade  II  precordial  systolic  murnuir  was  heard.  Rales  were 
heard  at  the  left  lung  base.  The  abdomen  was  distended,  tympanitic,  with 
rebound  tenderness  most  marked  on  the  right  side.  Bowel  sounds  were  absent. 
The  liver  was  not  i:)alpable  but  the  tip  of  the  spleen  was  felt.  Firm  lymph  nodes 
up  to  1  cm  in  size  were  palpated  in  both  axillae.  The  extremities  were  cold 
and  spontaneous  movements  of  the  right  lower  extremity  were  noted. 

From  the  Department  of  Pathology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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The  hematocrit  was  53%  and  the  white  IjKxmI  count  was  2(),()()()  i)er  lunr' 
with  57%  lymphocytes.  The  vu'ine  contained  led  and  white  cell  casts.  The  stool 
was  semiformed,  brown  and  had  a  2  i)lus  guaiac  reaction.  Abdominal  x-ray 
revealed  an  ileus  jiattern  with  dilated  loops  of  small  intestine.  The  chest  x-ray 
revealed  the  heart  to  be  slightly  enlarged.  The  ECG  showed  atrial  fibrilla- 
tion with  a  ventricular  rate  of  66  per  minute,  left  axis  deviation,  left  ven- 
tricular hypertrophy  and  ST  depression  in  the  lateral  precordial  leads.  The 
spinal  fluid  was  clear  and  contained  9  crenated  red  blood  cells  per  mm''.  The 
cerebrospinal  fluid  pressure  was  not  obtained. 

The  patient  was  placed  on  high  doses  of  penicillin,  chloramphenicol  and 
corticosteroids.  Intravenous  fluids  and  vasopressors  were  administered.  An 
abdominal  paracentesis  was  performed  and  yielded  2  ml  of  yellow  fluid  con- 
taining red  blood  cells.  A  surgical  consultant  saw  the  patient  and  felt  the 
patient's  clinical  condition  precluded  oix'rative  intervention.  The  patient 
died  18  hours  after  admission  to  the  hospital. 

Dr.  Mortimer  E.  Bader:*  This  is  an  interesting  case  of  a  92  year  old  white 
female  who  entered  the  hospital  with  abdominal  pain,  diarrhea  and  shock. 
The  patient  had  chronic  lymjihatic  leukemia  with  hepatosplenomegaly  of 
approximately  five  years  duration,  at  which  time  she  received  radiotherapy 
to  her  enlarged  spleen.  Her  spleen  tip  was  palpable  at  the  time  of  examina- 
tion and  therefore  was  unlikely  a  cause  for  an  acute  abdominal  catastrophe. 
Five  years  ago  she  also  had  congestive  heart  failure  with  bilateral  pleural  ef- 
fusions and  ascites.  She  had  an  abnormal  electrocardiogram  showing  atrial 
fibrillation.  In  a  woman  92  years  old,  with  a  history  of  hypertension,  it  would 
be  reasonable  to  make  a  diagnosis  of  arterioslcerotic  and  hypertensive  heart 
disease  with  heart  failure,  which  incidentally  responded  very  well  to  digitalis 
and  hydrochlorothiazide.  There  is  no  comment  made  as  to  whether  she  re- 
ceived plain  hydrochlorothiazide  or  hydrochlorothiazide  with  potassium  since 
the  use  of  both  potassium  and  chlorothiazides  can  produce  small  bowel  ul- 
ceration and  secondary  obstruction.  This  might  have  accounted  for  the  epi- 
ga!«tric  pain,  but  I  think  we  can  dismiss  it.  She  had  been  on  corticosteroids 
which  may  also  ])roducc  ulcerations  but  that  is  unlikely  since  corticosteroids 
were  discontinued  a  year  prior  to  admission.  A  patient  with  chronic  lymphatic 
leukemia  with  diminished  resistance  to  a  variety  of  pathogens  would  certainly 
make  me  think  of  sepsis,  i^articularly  gram  negative  sepsis  with  irreversible 
shock  and  death.  As  a  consequence  of  their  lowered  resistance,  patients  with 
lymphatic  leukemia  have  a  higher  incidence  of  Salmonella  infections  which 
could  also  explain  the  episode  of  diarrhea  anfl  may  have  been  a  possible 
source  of  a  gram  negative  sepsis. 

On  admission,  she  only  responded  to  loud  noises.  Her  response  to  such  stim- 
uli was  to  blink.  Her  eyes  were  deviated  to  the  right  and  the  pupils  did  not 
react  to  light.  Deviation  of  the  eyes  to  the  right  would  suggest  that  she 
either  had  a  left  mid-brain  lesion,  or  a  right  cerebral  lesion.  It  is  unclear 
whether  the  spontaneous  motion  in  her  right  lower  extremity  represented  a 

*  Associate  Attendi  ng  in  Medicine,  The  Mount  Sinai  Hospital,  Now  York,  N.  Y. 
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clonic  typi'  of  soizuiv  or  was  voluntary  motion.  If  it  were  a  clonic  seizure,  it 
would  not  be  compatible  with  a  lesion  in  the  left  mid-brain  alone,  since  Dr. 
Nathanson  of  this  hospital  has  shown  that  left  mid-brain  lesions  produce 
ipsilatcral  involvement,  not  contralateral  involvement.  I  have  difficulty  ex- 
plaining her  central  nervous  system  findings,  except  to  say  that  they  suggest 
a  focal  lesion  and  possibly  more  than  one.  In  a  w'oman  92  years  old,  with 
probably  cerebral  vascular  disease,  a  drop  in  perfusion  pressure  would  be 
sufficient  to  produce  a  syndrome  of  vascular  insufficiency.  Certainly,  tilt  table 
experiments  which  drop  pressure  just  forty  or  fifty  millimeters  of  mercury 
will  produce  full-blown  focal  cerebral  patterns  in  people  with  pre-existing 
vascular  disease.  Did  she  have  an  encephalitis?  This  is  not  likely  because  the 
spinal  fluid  contained  only  red  cells.  Large  numbers  of  white  cells  are  usually 
found  in  encephalitis  and  leukemic  involvement  of  the  central  nervous  system 
would  hardly  account  for  the  acuity  of  this  syndrome. 

Petechial  and  ])urpuric  hemori-hages  were  also  noted  over  the  neck,  chest 
and  extremities.  In  a  i)atient  in  shock,  the  latter  would  certainly  suggest  the 
Waterhouse-Fricdrickson  syndrome. 

She  had  a  hematocrit  of  53%,  which  I  suspect  represented  some  hemocon- 
centration,  and  the  white  blood  count  was  20,000  with  57%  lymphocytes.  The 
urine  contained  red  and  white  cell  casts.  The  stool  was  semiformed,  brown, 
and  had  a  two-plus  guaiac  reaction.  This  is  imi^ortant.  If  we  are  considering 
an  acute  abdominal  catastrophe  on  a  vascular  basis,  we  would  expect  to  find 
some  blood  in  the  gut.  In  a  patient  with  known  atrial  fibrillation,  it  is  possible 
that  she  had  a  mesenteric  thrombosis  or  embolism  to  the  mesentery  and/or 
kidney.  This  would  account  for  her  shock  and  her  acute  abdominal  pain, 
ileus,  and  the  terminal  episode.  However,  I  would  expect  ]X'rhaps  a  little  more 
blood  in  the  gut. 

I  think  we  can  make  a  diagnosis  of  arteriosclerotic  and  hypertensive  heart 
disease  with  treated  congestive  failure.  However,  this  is  not  the  primary  diag- 
nosis in  this  case.  She  was  treated  with  antibiotics,  vasopressors  and  intra- 
venous fluids.  I  suspect  a  clinical  diagnosis  of  sepsis  had  been  made,  which  is 
most  reasonable  in  light  of  the  course  and  the  preceding  diagnosis.  Abdominal 
paracentesis  was  performed  and  yielded  two  milliliters  of  yellow  fluid  con- 
taining some  red  blood  cells.  If  we  consider  that  she  had  sepsis,  we  could  say 
that  she  had  renal  infection,  gram  negative  in  type,  possibly  associated  with 
Salmonella  in  the  gut.  She  had  the  shock  that  goes  with  it,  the  purpuric 
hemorrhagic  lesions  which  are  sometimes  seen  in  shock-like  states  and  a  source 
in  the  urinary  tract.  Notwithstanding  any  of  this,  I  believe  she  had  some  in- 
fection but  it  is  not  the  reason  this  case  was  presented. 

Periarteritis  nodosa  could  explain  the  hemorrhagic  Schwartzman-type  le- 
sions of  the  skin,  but  I  have  never  seen  or  read  of  vesicular  eruptions  with 
necrotizing  arteritis  involving  the  mesentery  and  the  skin.  The  finding  which 
I  think  is  the  most  critical  in  this  case,  and  the  only  one  which  gives  some 
clue,  is  the  vesicular  lesions  containing  yellow  fluid  on  hemorrhagic  bases 
scattered  over  the  neck,  chest,  abdomen  anfl  inguinal  regions.  In  my  opinion, 
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thoye  lesions  represented  generalized  Herpes  zoster.  Generalized  Herpes  zoster 
very  rarely  occurs  in  people  who  do  not  have  pre-existing  lymphoma,  Hodg- 
kin's  disease  or  lymphatic  leukemia.  Indeed,  I  think,  in  general,  of  all  cases 
of  generalized  Herpes  zoster  almost  95%  or  more  occur  in  persons  with  pre- 
existing lymphatic  leukemia  or  Hodgkin's  disease,  unless  one  considers  chick- 
enpox  as  a  common  form  of  it.  In  lymphatic  leukemia  I  do  not  know  its  pre- 
cise incidence,  but  figures  as  high  as  8%  have  been  reported  in  Hodgkin's 
disease.  The  disease  may  appear  anywhere  from  one  and  a  half  to  eleven 
years  after  the  onset  of  a  lymphoma,  but  it  is  interesting  that  the  generalized 
form  usually  appears  about  four  or  five  years  after  the  onset  of  the  lymphoma. 
The  presence  of  actual  tumor  tissue  near  the  nerve  root  has  been  considered 
an  important  predisposing  factor,  particularly  in  localized  Herpes  zoster. 
There  is  a  question  whether  radiation,  alkylating  agents  and  corticosteroids 
are  also  predisposing  factors.  This  patient  received  no  such  major  therapy 
and  her  steroids  had  been  stopped  a  year  before.  In  general,  no  conclusive 
statement  can  be  made  that  corticosteroid  therapy  or  the  use  of  alkylating 
agents  seem  to  make  the  incidence  higher,  particularly  since  they  are  used  in 
the  more  severe  cases  in  which  Herpes  zoster  might  be  anticipated  anyway. 
Herpes  zoster  commonly  is  associated  with  chickenpox  or  varicella  infections. 
In  fact,  in  the  1880's,  Bokay  of  Budapest  showed  in  several  instances  that 
chickenpox  epidemics  follow'ed  outbreaks  of  Herpes  zoster.  It  is  now  well 
established  that  there  is  a  relationship  between  the  two,  although  there  are 
some  interesting  exceptions  to  the  rule.  For  example,  in  Tristan  da  Cunha,  an 
island  not  noted  for  its  infectious  diseases,  there  were  several  cases  of  Herpes 
zoster  without  any  chickenpox  appearing  in  a  population  group  who  appar- 
ently had  no  immunity  to  chickenpox.  In  the  Shetland  Islands,  they  had 
varicella  after  an  attack  of  Herpes  zoster  when  there  was  apparently  no 
previous  source  for  varicella  on  the  islands.  In  1954,  a  woman  was  admitted 
to  this  hospital  who  had  generalized  Herpes  zoster  and  the  lesions  were  simi- 
lar to  those  in  the  present  case.  The  pictures  are  available  in  The  Journal  of 
The  Mount  Sinai  Hospital,  in  an  article  by  Dr.  Howard  L.  Moscovitz.  Four- 
teen exposed  adults  subsequently  contracted  chickenpox.^  Immunologic  stud- 
ies are  of  some  interest.  Twenty-eight  children  were  inoculated  with  the  fluid 
from  vesicles  of  Herpes  zoster  and  three  of  them  developed  typical  varicella 
and  seventeen  developed  some  form  of  papular  vesicles.  A  similar  reaction 
could  not  be  induced  in  children  who  were  already  immune  to  varicella.  In 
both  groups,  complement  fixation  reactions  were  elicited  using  either  varicella 
crusts  or  Herpes  zoster  fluid  and  convalescent  serum.  I  believe  then  that  this 
92  year  old  lady  with  chronic  lymphatic  leukemia  had  Herpes  zoster.  I  also 
believe  that  the  ej^igastric  pain  she  had  was  somehow  related  to  this  and  she 
died  of  overwhelming  toxicity.  I  have  looked  in  vain  for  some  evidence  of 
visceral  involvement  and  I  am  not  familiar  with  any.  Perhaps  I  can  learn 

^  Moscovitz,  H.  L.  Generalized  Herpes  Zoster  Initiating  a  Minor  Epidemic  of  Chick- 
enpox. J.  Mt.  Sinai  Hosp.  22:  79,  1955. 
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sonu'thiiiii  al)out  it  today.  The  usual  cause  of  death  in  tliese  people  is  pneu- 
monia or  encephalitis. 

My  final  diagnoses  are:  1)  chronic  lynii)hatic  leukemia;  2)  arteriosclerotic 
and  hypertensive  heart  disease  with  an  enlarged  heart;  and  3)  generalized 
Herpes  zoster.  The  toxicity  from  the  latter  led  to  her  demise. 

Question:  How  do  you  explain  the  renal  lesions? 

Dr.  Bader:  The  urinary  sediment  was  consistent  with  a  hemorrhagic  uri- 
nary tract  infection. 

Question:  Do  you  think  the  picture  might  be  consistent  with  gram  nega- 
tive sepsis? 

Dr.  Bader:  I  think  gram  negative  sepsis  would  have  been  a  perfectly  rea- 
sonable explanation  and  ordinarily  I  would  say  that  a  patient  with  lymphatic 
leukemia  who  presents  with  shock  after  a  urinary  tract  infection  has  a  gram 
negative  sepsis. 

Question:  Do  patients  with  purpura  develop  intestinal  lesions? 

Dr.  Bader:  I  heard  there  was  a  case  in  the  hospital  not  too  long  ago  where 
necrotizing  lesions  were  found;  indeed,  Dr.  Parets  had  a  case  of  a  Herpes 
zoster  who  had  transient  jaundice  and  necrotizing  lesions  of  the  liver  and  the 
mesentery,  so  it  is  perfectly  possible  that  she  had  some  necrotizing  lesion  of 
the  bowel  as  a  consequence  of  this  herpetic  infection. 

Dr.  I.  Willia77i  Grossman* :  At  autopsy,  this  patient  showed  the  usual  find- 
ings of  chronic  lymphatic  leukemia.  The  vertebral  marrow  and  femoral  mar- 
rows were  red  with  focal  pale  gray  areas.  Microscopic  examination  revealed 
a  hypercellular  marrow  infiltrated  by  lymphocytes  (Fig.  1).  The  visceral  and 
superficial  lymph  nodes  were  enlarged  and  the  normal  architecture  was  ob- 
literated by  lymphocytic  infiltration.  The  patient  also  had  chronic  cholecysti- 
tis with  cholelithiasis.  And,  as  Dr.  Bader  mentioned,  the  patient  had  a  large 
heart  with  left  ventricular  hypertrophy  and  marked  coronary  arteriosclero- 
sis and  the  left  kidney  was  contracted  as  a  result  of  old  vascular  disease.  The 
etiology  of  this  woman's  hematuria  was  a  very  fulminant,  hemorrhagic  cysti- 
tis. Gross  examination  of  the  stomach  and  esophagus  revealed  diffuse  discrete 
erosions  and  ulcerations  (Fig.  21.  ^Microscopic  examination  of  the  squamous 
mucosa  of  the  esophagus  adjacent  to  the  erosions  contained  intranuclear  in- 
clusions. The  stomach  showed  areas  of  hemorrhagic  necrosis  of  the  epithelium 
with  intranuclear  inclusions  in  the  remaining  glandular  elements.  Intranu- 
clear inclusions  were  also  seen  throughout  in  the  small  and  large  intestinal 
epithelium.  There  were  areas  of  hemorrhage  on  the  capsular  surface  of  the 
Yiyev  and,  on  the  cut  surface,  numerous  focal  areas  of  necrosis  were  seen. 
Microscopically,  these  necrotic  areas  resembled  infarcts  with  a  scant  inflamma- 
tory infiltrate  (Fig.  3).  Intranuclear  inclusion.'^  were  seen  in  occasional  he- 
patocytes  and  in  the  bile  duct  epithelium.  The  portal  tracts  contained  lympho- 
cytic infiltrates  as  .seen  in  chronic  lymjihatic  leukemia.  The  spleen  was  enlarged 
and  weighed  385  grams. 

*  Resiilpiil  in  Patliology,  The  Mount  Sinai  Hosintal,  New  York.  X.  Y. 
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Fig.  1.  Bone  marrow  showing  a  lymphocytic  infiltration  (H  &  E  X  400). 


Fig.  2.  Focal  hemorrhagic  necrosis  of  the  epillielium  of  the  stonia."h  (H  &  E  X  40). 


198 


CLIxXICO-PATHOLOCICAL  CONFERENCE 


The  cut  siirt'act'  displayed  nodular  infiltrates  which  on  nucroscoi)ic  examina- 
tion were  found  to  be  collections  of  lymphocytes  extending  from  the  follicles. 
Areas  of  necrosis  were  found  within  the  lymjihoid  collections  and  intranu- 
clear inclusions  could  be  seen  within  cells  in  the  necrotic  areas. 

The  pancreas  displayed  multiple  focal  areas  of  hemorrhage  and  ischemic 
necrosis  and  microscopic  examination  revealed  no  residual  pancreatic  tissue  in 
some  areas.  Intranuclear  inclusions  were  seen  within  intact  pancreatic  acinar 
cells  (Fig.  4).  There  was  an  interstitial  pneumonitis  and  within  the  alveolar 
lining  cells,  intranuclear  inclusions  were  also  found. 


Fig.  3.  Focal  necrotic  areas  within  the  liver  resembling  infarctis  with  a  scant  inflaminatorv 
infihrate  (H  &  E  X  40). 

The  skin  of  this  patient,  as  was  described  in  the  protocol,  showed  vesicles 
with  hemorrhagic  bases. 

Low  power  microscopic  examination  revealed  these  vesicular  lesions  to  be 
intraepidermal  and  unilocular.  Giant  cells  with  intranuclear  inclusions  were 
seen  on  higher-power  examination  (Fig.  5).  It  is  interesting  to  note  several 
of  the  skin  lesions  were  at  an  earlier  stage  of  development  and  intercellular 
edema  was  seen  to  surround  the  infected  cells.  Subsequently,  the  infected 
cells  lose  their  attachment  to  their  neighboring  cells  and  form  large  intra- 
epidermal vesicles.  The  dermis  of  the  skin  showed  focal  small  vessel  wall 
necrosis  which  accounted  for  the  hemorrhage  at  the  base  of  the  vesicles.  In- 
tranuclear inclusions  were  also  found  in  the  endothelial  cells  of  the  dermal 
capillaries.  With  the  Feulgen  reaction  which  stains  DNA  red,  a  halo  was  seen 
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Fig.  4.  Intranuclear  inclusions  within  pancreatic  acinar  cells  (H  &  E  X  400). 


Fig.  5.  Intranuclear  inclusions  within  cells  of  the  epidermis  (H  &  E  X  400). 
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around  tlu'  intramiclcar  inclusioii-s.  Since  older  lesions  lose  the  Feulgen  stain- 
ing reactions,  it  is  positive  in  only  occasional  intranuclear  inclusions  of  the 
skin.  This  suggests  that  the  virus  particles  are  most  probably  denatured. 
The  lesions  in  the  skin  and  in  the  viscera  in  this  patient  could  have  been 
caused  by  one  of  two  viruses;  varicella-zoster  or  Herpes  simplex. 

Intranuclear  inclusions  were  found  in  ganglion  cells  of  the  pancreas  and 
gastrointestinal  tract  in  this  patient  which,  only  occur  in  varicella-zoster  in- 
fection. 

In  summary,  I  agree  entirely  with  Dr.  Bader's  diagnosis.  This  i)atient  did 
htixe  chronic  lymphatic  leukemia  ar.d  she  developed  generalized  varicella- 
zoster  virus  infection  with  diffuse  visceral  involvement  although  the  patient 
had  no  history  of  contact  with  the  varicella-zoster  virus.  The  diffuse  gastro- 
intestinal erosions  and  ulcerations  and  the  extensive  hemorrhagic  necrosis  of 
the  pancreas  most  likely  accounted  for  the  patient's  epigastric  pain  and  diar- 
rhea. 

I  feel  the  overwhelming  viral  infection  led  to  the  death  of  this  patient,  as 
Dr.  Bader  correctly  surmised. 

Are  there  any  other  questions  or  comments? 

Question:  What  was  the  cause  of  the  hemorrhagic  cystitis? 

Dr.  Grossman:  I  did  not  see  any  intranuclear  inclusions  in  the  bladder,  so  I 
am  at  a  loss  to  explain  its  etiology. 

Dr.  Wasserinan:  In  our  series  here,  I  would  A'enture  to  say  that  about  50% 
of  our  patients  with  lymphoma  have  signs  of  Herpes  zoster  some  time  during 
their  course. 

NOTE :  This  case  is  being  prepared  for  publication  by  Dr.  W.  Grossman. 
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FOREWORD 

This  monograph,  The  Approach  to  Diagnosis  in  Modern  Neurology,  is  a  joint 
effort  by  the  Neurological  Staff  of  The  Mount  Sinai  Hospital  (a  few  contributors 
are  former  members).  The  guest  editor  is  Dr.  Morris  B.  Bender,  the  dynamic 
Director  of  the  Department  of  Neurology,  and  his  large  staff  of  outstanding 
neurologists.  As  the  title  indicates,  emphasis  is  on  the  "approach"  to  diagnosis 
and  the  focus  is  on  the  patient  at  the  bedside.  Sophisticated  modern  techniques 
not  available  two  decades  ago  are  presented,  not  as  isolated  disciplines  or  free- 
standing entities,  but  from  the  viewpoint  of  their  usefulness  and  limitations  in 
diagnosis.  It  is  hoped  that  Residents  in  Neurology,  internists  who  meet  neuro- 
logical problems,  and  the  interested  general  practitioner  will  find  pleasure  and 
profit  in  it;  this  is  the  level  at  which  it  is  written.  Perhaps  the  mature  neurologist 
may  find  something  of  interest  also. 

This  monograph  could  not  have  been  assembled  without  the  intelligent,  tireless 
efforts  of  Dr.  Martin  Feldman  as  Assistant  Editor.  As  always  we  are  in  debt  for 
the  technical  help  of  Mrs.  Joann  Slatt,  Executive  Assistant  to  the  Journal. 

Lester  R.  Tuchman,  M.D. 

Editor 
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MORRIS  B.  BENDER,  M  l). 
New  York.  X.Y. 

The  Department  of  Neurology  at  The  Blount  Sinai  Hos])ital  is  one  of  the 
oldest  in  the  United  States  and  has  always  emphasized  the  clinical  asjjects  of 
disease  of  the  nervous  system.  Before  1935  the  neurologist  dejiended  on  careful 
history  and  meticulous  examination  in  his  attemjjts  to  localize  and  find  the 
cause  of  the  lesion.  In  those  days  there  were  few  laboratory  tests  which  were  of 
aid  in  the  diagnosis.  Electroencephalography,  jiantojiaque  myelograjihy,  and 
carotid  arteriogra])hy  wvw  introduced  after  1935  and  even  then  one  depended 
on  the  neurosurgeon's  ventriculogram  or  exjdoratory  ojx'ration  for  a  more  ]ire- 
cise  diagnosis.  It  was  only  during  the  past  two  decades  that  clinical  neurology 
became  enriched  with  new  diagnostic  techniqties  and  modification  of  the  old. 
With  this  the  standard  neurologic  examination  at  this  hospital  has  been  simplified 
and  modified.  Some  of  the  innovations  and  modifications  in  the  bedside  exam- 
inations are  to  be  described  in  the  ensuing  articles. 

In  general,  it  is  still  the  history  and  clinical  examinations  which  aid  us  in  the 
anatomic  localization.  The  determination  of  the  etiology,  however,  is  much  more 
dittictdt.  In  most  cases  it  can  be  ascertained  only  by  special  or  routine  labora- 
tory studies.  The  routine  studies  consist  of  urinalysis,  blood  count,  sedimenta- 
tion rate,  chemistry,  serology.  X-rays  of  the  skull  and  chest,  and  the  diagnostic 
lumbar  jiuncture.  The  special  laboratory  tests  consist  of  clinical  neurophysi- 
ologic  and  neiu'oradiologic  studies.  In  some  instances  special  neurochemical 
analyses  of  the  spinal  fluid  are  useful.  Recently  increasing  number  of  muscle 
biopsies  have  been  used  in  our  classification  of  neuromuscular  disorders. 

Of  all  the  special  tests,  neuroradiology  is  the  most  useful.  It  has  revolution- 
ized the  diagnosis  and  ti'eatment  of  diseases  of  the  nervous  system.  Cerebral 
neoplasms,  subdural  hematomas  and  occlusive  disease  of  vessels  in  the  neck 
or  brain  may  be  t^nco^■ered  in  unsus])ected  cases.  The  treatment  of  these 
entities  has  also  been  changed.  Whereas  in  previous  years  all  su.spected  intra- 
cranial masses  were  "attacked"  surgically  there  is  now  a  greater  reluctance  to 
'"explore"  or  excise  neoplasms.  Deeply  situated  or  otherwise  inaccessible  tumors 
which  are  highly  vascular,  such  as  glioblastoma,  or  multiple  tumors,  as  in 
metastatic  disease  are  treated  with  radiotherapy.  These  masses  can  now  be 
recognized  by  cerebral  angiography  and  do  not  recjuire  diagnostic  or  therajx'utic 
cranial  surgery  (T  l.  Moreover,  subdural  hematomas  are  no  longer  diagnosed 
through  burr  holes  and  treated  routinely  by  evacuation.  The  carotid  arteriogram 
(  frontal  view  I  establishes  the  diagnosis.  If  the  patient  does  not  apjiear  too  ih 
he  is  treated  .symptomatically  and  his  course  monitored  by  serial  angiographj' 
or  brain  scanning.  ^Nlany  such  patients  imjirove  spontaneously  (2).  During  the 
past  six  years  there  were  twenty-four  patients  with  subdural  hematoma  at  The 
[Mount  Sinai  Hospital  and  nine  in  other  institutions  who  reco^•ered  without  sur- 
gery. 


IXTROnrCTION 


\\'itli  tile  jiid  ol'  I'crclii'al  aii^io^rniiliy  the  (liajiiiiosis  and  t I'cat inciit  of  siih- 
aiacliiioid  luiiiorrhaj^c  has  also  hvvn  modified.  Intraci'anial  Icakinjf  aneurysm 
may  he  located  accui'ately  so  that  ai)i)roi)riate  treatment  may  he  instituted. 
Some  cases  of  so-called  "e|)ilepsy,"  bizarre  seizure  disorders  or  migraine  have 
l)een  reclassified  as  arteriovenous  anomalies.  Intracerebral  hematomas,  or 
cerebral  edema  due  to  infarction  may  also  be  detected  by  angiosra|)hy.  Besides 
angiography  there  are  other  neuroradiologic  methods  which  are  used  in  the 
discovery  of  the  location  and  nature  of  the  disease  process.  Pneumoencepha- 
lography, using  various  fractionation  techniques,  may  reveal  tumors  or  en- 
largement of  one  or  more  ventricles  due  to  a  variety  of  causes.  Details  of 
l)athology  in  the  posterior  fossa  can  be  uncovered  by  contrast  studies  through 
the  endolunil)ar  route.  This  method  is  superior  to  surgical  ventriculography  be- 
cause it  outlines  extra  ventricular  spaces  and  there  is  no  damage  to  brain  tissue 
as  may  occur  during  the  introduction  of  the  needle  into  the  lateral  ventricle. 
Lesion  distorting  the  fourth  \-entricle  or  the  cisterns  in  the  posterior  fossa  can 
be  demonstrated  by  pneumoencephalography  or  by  pantopaque  introduced 
through  a  lumbar  puncture.  The  latter  is  a  simple  technique  which  is  not  pain- 
ful and  does  not  produce  severe  after-effects.  With  pantopaque  myelography 
one  may  distinguish  between  extra  and  intradural  tumors  or  intramedullary 
neoplasms  of  the  spinal  cord.  This  may  also  demonstrate  arteriovenous  anom- 
alies of  the  spinal  cord,  spinal  arachnoiditis,  ridging  causing  compression  of  the 
cord  and  herniation  of  intervertebral  discs.  In  the  performance  of  diagnostic 
lumliar  puncture,  pneumoencephalography  or  myelogram  intrathecal  injection 
of  40  milligrams  of  Depo-Medrol  is  given  at  the  end  of  the  procedure.  Such  in- 
jection tends  to  minimize  the  headache  and  other  reactions  associated  with 
these  tests. 

The  neuroradiologic  techniques  and  other  well  established  as  well  as  more 
recent  diagnostic  aids  are  part  of  new  neurologic  subspecialties,  namely  electro- 
encephalography, electromyography,  electro-oculography,  and  sonoencepha- 
lography.  All  of  these  are  used  in  our  department  and  some  of  the  techniques 
will  l)e  reported. 

In  general,  the  clinical  and  laboratory  examinations  aid  us  in  the  establish- 
ment of  location,  nature  of  the  pathologic  condition,  and  in  the  type  of  treat- 
ment to  be  instituted.  Besides  the  clinical  value,  the  performance  of  these  ex- 
aminations often  reveals  data  which  are  useful  in  our  staff  research  projects  and 
in  the  education  of  our  trainees. 
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PART  I.  CLINICAL  BEDSIDE  EXAMINATIONS 


Classification  of  Neurologic  Disorders 

MORRIS  B.  BENDER,  M.D. 
Neic  York.  .V.}'. 

Some  physicians  have  the  mistaken  impression  that  clinical  diagnosis  of  the 
nervous  system  is  exceptionally  complex.  Although  it  is  true  that  the  classical 
approaches  to  neurologic  diagnosis  emjihasized  and  dwelt  upon  minute  anatomic 
localization  of  lesions,  we  have  used  a  less  specific  anatomic  classification  for 
many  years  with  success.  In  fact  we  have  used  a  simplified  approach  in  our 
diagnostic  thinking  by  classifying  information  first  in  terms  of  symptoms, 
second  in  terms  of  anatomy,  and  last  in  terms  of  etiology. 

Symptomatic  Classification 

The  sytnptoniatic  classification  is  not  difKcult.  It  is  actually  a  translation 
of  the  patient's  complaints  into  Latin,  Greek  or  other  language  or  the  labeling 
of  a  group  of  symptoms  with  a  name;  eponymic  syndromes.  Thus  the  patient 
complaining  of  pain  in  the  face  is  said  to  have  a  trigeminal  neuralgia  or  tic 
douloureux.  If  the  patient  complains  of  dizziness,  noises  in  the  ear  and  deafness, 
he  has  Meniere's  Disease.  Paralysis  of  one  half  of  the  body  is  classified  as 
hemiplegia  and  paralysis  of  both  legs  as  paraplegia.  Dyskinesia,  tremor, 
hemianopia,  diplopia,  aphasia,  dysarthria,  coma,  syncope,  petit  or  grand  mal  are 
but  a  few  other  examples  of  acceptable  symptomatic  classification.  Therefore 
every  patient  who  has  symptoms  or  a  chief  complaint  can  easily  be  classified. 
The  problem  is  to  relate  the  symptoms  to  a  defect  in  nervous  system  structure 
and  to  find  the  cause  of  the  defect.  Often  the  problem  is  whether  the  symptoms 
are  the  result  of  one  disease  or  complicated  by  coexistent  conditions  including 
psychogenic  reaction. 

Anatomic  Localization 

The  anatomic  localization  is  not  difficult  if  one  considers  the  symptoms  and 
the  findings  in  the  examination  of  mental,  motor  and  sensory  functions  as  well 
as  the  reflexes  and  attempts  to  classify  them  according  to  the  anatomic  cate- 
gories in  the  following  Tables.  The  examiner  will  do  well  to  decide  first  upon 
general  regions  such  as  brain  as  opposed  to  spinal  cord.  An  excess  concern 
over  very  minute  localization  is  often  unnecessary.  Alterations  in  brain  function 
may  be  recognized  by  the  following  symptoms  and  signs: 

Dysfunction  of  the  Cerebrum: 

(a)  Convulsions  or  their  equivalent 

(b)  Mental  and  behavioral  changes  (organic  type) 
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(c)  Ai)h;i8ia  (disoi'dcr  in  lani^uai^t'  and  conununicat ion  I 

(d)  Hemiplegia 

lei  Heniisensory  defeet 

III   Homonymous  field  defects 

Dysfunction  of  the  Basal  Ganj^lia: 

(a)  Dyskinesias,  such  as  tremors,  choreas,  athetoses,  hemiballismus 

(b)  Alterations  in  tone  (hyper-  and  hyi)otonia) 

(c)  Attitndinization 

(d)  Alterations  in  posture  and  movement 
Dysfunction  of  the  Cerehellum: 

Unsteadiness  in  motor  performances  (alterations  in  gait,  adiadokokinesis, 
asynergia,  ataxia,  unchecked  rel)Oimd,  jiast-pointing) 

Dysfunction  of  the  Brainstem  (Midbrain,  Pons  and  Medulla)  : 

(a)  Bilateral  pupillary  paralysis 

(b)  Paralyses  of  conjugate  eye  movements — horizontal,  vertical  or  con- 
vergence 

(c)  Crossed  syndromes,  such  as  paralysis  of  eyes,  face  or  tongue;  incoordina- 
tion on  one  and  sensory  defect  on  opposite  side  of  the  body 

(d)  Defects  in  articulation,  vocalization,  phonation,  swallowing,  and  respira- 
tion 

(e)  Nystagmus,  particularly  on  upward  gaze 

The  symptoms  and  signs  of  spinal  cord  dysfunctions  are  quite  specific  and 
are  as  follows: 

Dysfunction  of  the  Spinal  Cord : 

(a)  Bilateral  involvement,  particularly  of  the  lower  extremities 

(b)  Presence  of  sensory  levels 

(c)  Im])airment  of  motor  function  on  one  side  and  pain-temperature  sen- 
sations on  the  other  side 

(d)  Impairment  of  vibration  over  the  trunk  and  below 

(e)  Urinary,  rectal  sphincter  disturbances  in  absence  of  mental  changes 

Difficulty  in  anatomic  diagnosis  of  lesions  of  the  spinal  cord  arises  when 
there  is  concomitant  implication  of  the  sjiinal  root  particularly  when  both  are 
implicated  and  the  symptoms  of  the  latter  mask  those  of  the  former. 

Dysfunction  of  the  Spinal  Roots: 

(a)  Sensory,  motor  and  reflex  changes  in  distribution  of  upper  or  lower  spinal 
roots,  unilateral  (such  as  in  cervical  or  lumbar  herniated  intervertebral 
disc  syndrome)  or  bilateral  (such  as  cauda  equina  root  syndrome) 

(b)  Involvement  of  all  four  extremities  with  impairment  of  sensory  or  motor 
deficits  and  depressed  reflexes 
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Again  there  is  difficulty  in  distingviishing  between  spinal  root  and  peripheral 
nerve  lesions.  Lesions  in  spinal  roots  may  produce  symptoms  and  signs  which 
resemble  disease  of  peripheral  nerves.  Unless  the  history  is  definite  such  as  in 
trauma,  anatomic  localization  may  be  impossible  as  is  sometimes  the  case  in 
systemic  disease  such  as  diabetes  or  arthritis. 

Dysfunctions  of  the  Peripheral  Nerves : 

(a)  INIononeuropathy — sensorimotor  defects  in  the  distrilnition  of  certain 
peripheral  nerves 

(b)  Polyneuropathy^ — sensorimotor  defects  with  bilateral  symmetrical  glove 
and  stocking  distribution 

Dysfunctions  of  the  Cranial  Nerves : 

Impairment  of  cranial  nerve  functions  of  peripheral  origin  especially  the 
motor,  are  difhcult  to  recognize  for  they  may  be  confused  with  symptoms  of 
lesions  of  the  brainstem  in  which  there  may  be  impairment  of  ocular,  facial, 
and  l)ulliar  functions.  Alteration  of  the  sensory  cranial  nerve  functions 
namely  defect  in  olfaction,  vision,  hearing,  taste,  and  sense  of  balance  are  less 
difficult  to  identify. 

Etiologic  Classification 

The  etiologic  classification  of  neurologic  disorder  is  most  difficult.  Besides 
history  and  examination  one  must  rely  on  si)ecial  laboratory  tests.  In  order 
to  search  for  a  cause  it  is  convenient  to  consider  the  following  ten  etiologic 
categories.  Each  of  these  is  quite  large  and  may  be  sul)divided.  The  psychogenic 
group  should  be  borne  in  mind  in  every  classification.  Psychogenic  disorder 
can  mimic  neurologic  conditions  and  appear  superimposed  on  genuine  neuro- 
logic syndromes. 

1.  Psychogenic  autonomic  nervous  svstem  or  somatic 

nervous  system  reactions,  psychic. 

2.  Vascular  thrombosis,    hemorrhage,  embolism, 

spasm,  insufficiency,  aneurysm,  blood 
dyscrasias  and  small  blood  vessel  dis- 
ease. 

3.  Neoplastic  benign,    primary,    malignant,  meta- 

static. 

4.  Toxic-Metabolic  iatrogenic,   drugs,   metals,  endocrine 

dysfunctions,  protein,  carbohydrate, 
lipoid,  electrolytes,  nutritional,  and 
vitamin  deficiencies. 

5.  Infectious  viral,    bacterial,    parasitic,  fungoid, 

and  spirochetal. 

6.  Traumatic  concussion,  contusion,  laceration,  frac- 

ture, herniations. 
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7.  Genetic  and  tlegenerative 

8.  Congenital  and  «levelopniental 
anomalies 

9.  Osseons,  arthritic  an<l  muscu- 
lar 

10.  Idiopathic 


(Iciiiycliiiatin^,  sclci'ot  ic,  ;il  ropliic, 
hypertrophic,  ai)i()t  lophics,  genetic 
disorders. 

cysts,  tumors,  defects,  and  lualt'oriiiu- 
tions. 

arthropathies  with  cervical  ridging, 
compressions,  and  myopathies, 
paroxysmal  disorders  without  known 
cause  such  as  Meniere's  syndrome, 
migraine,  epilepsies,  neuralgias,  and 
tics. 


After  determining  which  part  of  the  nervous  system  is  involved  and  which 
etiologic  categories  are  to  be  considered,  a  series  of  laboratory  tests  should  be 
planned.  Blood  count,  urinalysis,  chest  x-ray  and  lumbar  puncture  should  be 
done  routinely.  Studies  of  the  cerebrospinal  fluid  will  reveal  much  information ; 
the  color,  serology,  cytology,  sugar,  total  protein,  and  globulin  content  of  the 
fluid  should  be  ascertained.  Other  laboratory  examinations  such  as  electrical 
recordings  of  brain  nerve  or  muscle,  and  neuroradiologic  procedures  must  be 
performed  as  indicated  by  the  anatomic  and  etiologic  classification. 


Diagiiostif  Aids  in  the  Mental  and  Aphasic  Status 


MORRIS  B.  BENDER,  M.D. 
New  York,  NY. 

One  of  the  most  coinnionly  neglected  tests  in  tlie  practice  of  medicine  and 
indeed  neurology  is  that  of  mental  functions.  During  the  past  decade  there  has 
been  an  increase  in  the  number  of  elderly  i)eople  and  among  them  many  have 
impairment  of  mental  function.  Often  these  defects  are  taken  for  granted,  and 
there  is  no  systematic  attempt  to  test  these  subjects  because  the  standard  mental 
and  aphasic  status  is  lengthy  and  invoh^ed.  Therefore  we  propose  a  brief,  simple 
examination  which  may  be  applied  in  the  office  or  at  the  bedside. 

In  our  department  the  bedside  mental  examination  evaluates  the  following: 
1.  General  Information  2.  Orientation  3.  Memory  4.  Naming  of  objects  and 
body  parts.  5.  Right-left  orientation  and  mimicry  6.  Simple  "Calculations  and 
Spelling  7.  Reversals  and  8.  The  Face-Hand  Test.  Almost  all  of  the  tests  require 
ability  to  verbalize  and  some  cooperation  by  the  patient.  None  is  applicable  in 
the  very  confused  or  semistuporous  i)atient.  Spontaneous  speech  can  be  evaluated 
while  the  patient  gives  the  history  or  answers  simple  questions.  During  the  inter- 
view gross  difficulties  in  thinking  and  communication  such  as  apathy,  delayed 
responses,  confusion,  incoherence  or  groping  for  words  may  be  uncovered. 

General  Information 

The  term  "general  information"  is  the  general  knowledge  which  should  be 
possessed  by  most  people,  such  as  the  name  of  the  President  or  Vice  President 
of  the  United  States,  the  governor  of  the  state,  number  of  pennies  or  nickels  in 
one  dollar  or  eggs  in  one  dozen.  Gross  and  repeated  errors  indicate  serious 
impairment  of  function.  There  are  any  number  of  comparable  questions  includ- 
ing current  events  which  might  be  used  but  evaluation  may  be  difficult.  The 
education  level  should  be  determined  and  taken  into  account  during  this  part 
of  the  examination. 

Orientation 

In  tests  for  orientation  the  jiatient  should  know  the  year  and  even  the  month. 
An  error  suggests  impairment  of  brain  function.  If  the  patient  cannot  recall 
the  correct  day,  it  is  not  necessarily  significant.  Confusion  as  to  time  of  day, 
such  as  between  night  and  day,  is  a  severe  deficit.  The  patient  is  expected  to 
recognize  the  place  in  which  he  is  located  and  the  name  of  the  interrogator, 
especially  after  there  has  been  a  previous  introduction  of  the  examiner. 

Memory 

Evaluation  of  memory  actually  overlaps  many  other  test  areas.  Examination 
of  recent  memory  may  include  recalling  the  examiner's  name,  remembering 
questions  during  the  interview,  naming  members  of  the  family,  and,  in  older 
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patients,  the  names  of  grandcliildicii.  Inability  to  recall  names  of  familiar 
people  or  tlear  relativ'es,  especially  grandchildren,  indicates  severe  impaii'ment 
of  mental  function.  The  patient  may  forget-  the  location  of  objects,  familiar 
addresses  and  telephone  numbers,  pei  formance  of  I'outine  tasks,  or  significant 
events  in  daily  life.  Errors  in  any  of  the  above  tests  signify  brain  dysfunction. 
One  simple  but  useful  question  is:  Where  were  you  last  night?  The  latter  may 
reveal  confal)ulation,  e.g.,  the  patient  stating  he  was  at  home  instead  of  at 
the  hospital. 

Naming  of  Objects 

Often  the  patient  complains  of  inability  to  recall  the  names  of  objects.  The 
inability  to  name  or  the  misnaming  of  objects  may  be  an  early  sign  of  a 
localized  lesion  in  the  dominant  temporal  lobe.  The  defect  in  naming  may  be 
apparent  from  the  history  or  from  spontaneous  conversation.  An  inability  to 
name  such  common  objects  as  necktie,  shoe,  or  clock  by  one  who  has  no  apparent 
gross  mental  deficits  is  strongly  suspicious  of  aphasia  or  a  localized  lesion  in  the 
dominant  side  of  the  brain. 

An  evaluation  of  language  function  can  be  made  during  the  taking  of  the 
history  or  during  the  performance  of  the  physical  examination.  The  distinction 
between  a  pure  language  dysfunction  or  aphasia  and  a  general  defect  in  mental 
function  is  often  difficult  or  impossible.  The  importance  of  this  distinction 
lies  in  the  fact  that  the  organic  mental  syndrome  signifies  general  or  diffuse 
brain  dysfunction  while  isolated  aphasia  signifies  dysfunction  of  the  dominant 
hemisphere.  The  difficulty  is  that  the  two  disorders  are  usually  coexistent.  In 
both,  defects  in  memory  and  in  calculations  are  common  so  that  ditierentiation 
must  depend  on  evaluation  of  other  functions. 

Naming  and  identification  of  body  parts  on  the  person  and  the  examiner 
should  be  tested  routinely.  Inability  to  identify  such  body  parts  as  wrist, 
elbow  or  knee  is  distinct  evidence  of  brain  dysfunction.  This  may  occur  in 
aphasia  or  in  cases  of  severe  impairment  of  mental  function.  Many  of  these 
patients  may  show  confusion  in  identifying  parts  on  the  right  and  left  side  of 
the  body. 

Left-Right  Commands  and  Mimicry 

The  subject  should  be  tested  with  single  and  complicated  commands  involving 
crossing  from  left  to  right  or  vice  versa.  Simple  commands  such  as,  "open  your 
mouth,"  "close  your  eyes,"  or  "raise  your  hand"  should  be  issued.  Right-left 
orientation  is  tested  with  the  command,  "place  the  right  hand  on  the  left  ear"  or 
some  other  similar  task. 

Another  function  which  should  be  tested  is  the  ability  to  mimic.  Instruct  the 
subject  to  imitate  exactly  the  following  movements  made  by  the  examiner:  (a) 
stroke  the  right  face  with  the  right  hand,  (b)  stroke  the  left  face  with  the  left 
hand  and  (c)  stroke  the  right  face  with  the  left  hand.  The  patient  with  diffuse 
encephalopathy  watches  and  imitates  the  first  two  performances  pari  passu 
with  the  examiner's  movements  of  the  hands.  However,  in  the  third  test  there 
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is  no  crossing  of  the  midline;  instead,  the  patii'nt  rnhs  tlie  face  on  the  same  side, 
either  the  right  face  witli  the  right  liand  or  left  faee  with  the  left  hand.  Repeated 
inability  to  cross  the  midline  from  one  side  to  the  other  in  these  tasks  may  be 
considered  a  defect  in  brain  function. 

Calculations,  Spelliiijj;,  Readiii*;  ami  Writing 

Calculation  is  tested  by  figuring  meaningful  quantities  such  as  how  many 
nickels  in  one  dollar  and  how  many  dollars  in  sixty  nickels.  If  the  answer  is 
incorrect,  a  simpler  task — how  many  pennies  in  one  dollar — should  be  tried. 
Addition  and  subtraction  of  the  one  or  two  digit  numbers  may  be  of  some  value. 
For  instance,  calculation  of  94  +  19  or  94  —  19  should  be  achieved  by  the  high 
school  graduate.  As  in  all  mental  testing,  mathematical  problems  should  be  of 
graded  difficulty.  Addition  of  one  and  two  digit  numbers  and  then  subtraction 
of  the  same  number  is  sufficient  for  routine  purposes.  Calculation  problems 
using  money  or  specific  items  should  be  tried  when  there  are  errors  with  digits. 

Reading  is  tested  with  large  print,  e.g.,  magazine  or  newspaper  headlines. 
Spelling  tests  should  include  three  to  five  letter,  simple,  common  words,  e.g., 
cat,  hand,  or  world.  Persistent  inability  to  recite  the  alphabet  by  a  high  school 
graduate  indicates  brain  dysfunction.  Writing  and  copying  are  tested  by  writing 
the  name  or  other  items,  writing  to  dictation  or  by  copying  simple  and  complex 
items  but  such  tests  are  too  time  consuming  and  depend  on  motor  performances. 
They  might  be  used  to  demonstrate  aphasia. 

Reversals 

One  of  the  most  reliable  and  simple  tests  of  mental  function  is  the  ability  to 
reverse  the  order  of  sequence  such  as  in  counting  numbers,  spelling  words, 
reciting  the  days  of  the  week  or  the  months  of  the  year.  Most  patients  with 
severe  mental  dysfunction  can  count  from  1  to  10  and  even  in  reverse  from 
10  to  1.  Persistent  inability  to  count  backwards  from  20  to  1,  particularly 
between  13  and  10,  may  occur  in  patients  with  aphasia. 

Another  simple  routine  task  is  to  spell  words  in  reverse.  This  is  a  rapid  and 
informative  test.  The  inability  to  reverse  the  letter  seciuence  of  world  is  a  very 
sensitive  indicator  of  dysfunction  and  may  be  the  first  or  only  sign  of  dysfunction. 
The  indication  is  even  greater  when  c.\t  cannot  be  spelled  correctly  backwards. 
The  patient  may  have  no  difficulty  in  spelling  long  and  comjilicated  words  but 
when  asked  to  spell  a  three  or  four  letter  w-ord  in  reverse  there  may  be  gross 
errors,  uncertainty  or  inability  to  ]iroceed  beyond  one  or  two  letters.  Good  test 
words  for  sjielling  and  reversal  are:  cat,  dog,  hand,  world,  house,  table,  chair, 
HOSPITAL  and  picture.  World  in  particular  is  an  excellent  test  word,  neither 
too  hard  nor  too  easy,  it  serves  as  a  handy  initial  test  word  for  all  levels  of 
education.  Hospital  is  another  good  test  word,  but  this  should  be  given  to 
patients  with  a  high  school  or  college  education.  For  those  who  cannot  spell 
or  do  not  speak  English,  the  task  is  changed  to  reciting  days  of  the  week  or 
months  of  the  year  in  their  native  tongue.  The  {patient  is  asked  to  recite  the 
sequence,  e.g.,  days  of  the  week,  in  forward  and  then  reverse  order.  Often  the 
concept  of  reversals  is  not  grasped  at  first  and  the  examiner  must  give  an 
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cxaiiiplc  l)y  sayinsi  "Sunday,  Satunlay."  DisI url)aiic('  in  the  pci'tdi'iiiaiicc  ol' 
siinplci-  I'eversals  is  a  very  ivliable  sign  of  numtal  or  language  dysfunction. 
Inability  to  spell  cat  or  hand  in  reverse  in  a  patient  who  otherwise  shows  no 
gross  impairment  of  thinking  or  of  communication  is  a  reliable  and  significant 
sign  of  brain  dysfunction.  The  sign  which  was  observed  in  more  than  1 ,500 
cases  appears  to  be  more  valual)le  than  the  Babinski  response. 

Face-Hand  Test 

This  simple  test  which  consists  of  reporting  the  perception  of  tactile 
(rubbing)  stimuli  simultaneously  applied  to  the  patient's  face  and  hand  has 
been  shown  to  be  of  value  in  examinations  for  bi'ain  dysfunction  111.  When  the 
patient  errs  by  failing  to  report  or  mislocalizes  one  stimulus,  it  is  a  sign  of 
cerebral  dysfunction.  This  is  known  as  a  "j^ositive"  face-hand  test.  As  a  rule, 
the  error  is  in  the  perce])tion  of  the  hand  stimulus;  either  it  is  not  re]iorted  or  it 
is  mislocalized  to  the  face.  The  persistence  of  these  errors  on  either  side,  even 
after  the  patient  is  informed  that  two  stimuli  are  being  ajiplied,  is  a  distinct 
sign  of  brain  dysfunction.  Such  patients  do  not  learn  nor  can  they  remember 
that  two  stimuli  are  being  applied.  Normal  children  under  the  age  of  six  years 
may  err  even  after  the  tenth  trial.  However,  once  the  normal  child  learns  that 
there  are  two  stimuli  subsequent  responses  are  correct.  In  severe  cases  errors 
persist  even  when  the  patient  is  permitted  to  view  the  ajiplication  of  both 
stimuli.  A  positive  face-hand  test  is  frequently  found  in  the  aged  and  may  be 
considered  as  one  of  the  perceptual  manifestations  of  aging.  The  older  the 
subject  the  greater  the  incidence  of  errors  (2).  A  jwsitive  face-hand  test,  unless 
it  is  present  with  the  subject's  eyes  open,  may  occur  in  apiiarently  normal  old 
peojile.  These  subjects  may  manifest  other  impairment  in  mental  functions, 
such  as  defects  in  memory  or  in  reversals. 

A  similar  test  which  may  reveal  much  more  serious  brain  dysfunction  is 
one  which  involves  interaction  between  vi.sual  and  tactile  functions  (3).  The 
patient  with  eyes  open  is  requested  to  report  the  perception  of  the  following 
two  stimuli  (a)  tactile,  e.g.,  rubbing  of  the  patient's  right  hand  and  (b)  visual, 
which  consists  of  the  patient  looking  at  a  rubbing  motion  over  the  examiner's 
right  face.  In  this  test  situation  only  the  patients  with  severe  brain  dysfunction 
err  in  the  response  reporting  the  perception  of  a  tactile  stimulus  over  their  own 
face.  The  visual  stimulus  is  misinterpreted  as  being  tactile  while  the  tactile 
stimulus  at  the  hand  may  be  mislocalized  or  not  perceived  at  all. 

General  Comment 

Of  all  the  foregoing  tests  u.sed  in  eliciting  mental  dysfunction,  the  task  of 
reversing  serial  order,  such  as  spelling  the  words  cat,  hand  or  world  back- 
ward is  the  most  valuable  and  easiest  to  perform.  This  simple  test  which  can 
be  applied  readily  in  the  office  or  at  the  bedside  should  be  used  routinely  to 
elicit  mental  dysfunction,  just  as  stroking  the  plantar  surface  of  the  foot  is 
used  for  the  elicitation  of  involvement  of  "the  pyramidal  tracts".  An  inability 
to  spell  CAT  backward  is  as  significant  and  even  a  more  reliable  sign  of  brain 
dysfunction  than  is  a  Babinski  response.  All  other  tests  for  mental  function  are 
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less  simple  and,  unless  there  are  gross  errors  in  performance,  are  more  difficult 
to  evaluate. 

SUMMARY 

INIany  simple  tests  for  mental  dysfunction  were  described.  Each  contributes 
toward  evaluation  of  mental  status.  Of  all,  the  simplest  and  most  reliable  test 
is  the  spelling  of  simple  words;  cat,  hand,  or  world  backward. 
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This  section  describes  methods  which  can  produce  a  rapid  and  adequate 
description  of  the  patient's  vision  with  simple  ai)i)aratus  easily  taken  to  the 
bedside.  In  our  experience  these  "gross"  techniques  are  not  only  useful,  but 
in  some  respects  superior  to  ophthalmologic  methods  using  technical  equip- 
ment. They  will  detect  early  changes  in  the  visual  fields  and,  for  all  practical 
purposes,  separate  normal  from  abnormal  subjects.  The  physician  who  uses 
these  techniques  routinely  will  acquire  enough  experience  to  have  confidence 
that  his  results  are  reliable. 

Visual  Fields 

Perimetry.  Conventional  perimetry  has  obvious  advantages:  1.  It  gives 
an  accurate  outline  of  the  visual  field  and  the  relative  size  of  the  field  for 
various  sizes  and  colors  of  targets,  2.  it  is  unsurpassed  for  delineating  small 
peripheral  defects  and  scotomas  of  odd  shapes,  3.  serial  determinations  can  detect 
small  variations.  However,  it  lacks  the  convenience  of  simple,  portable  equip- 
ment and  often  requires  cooperation  for  long  periods  of  time,  which  may  be 
impossible  for  neurological  patients.  More  importantly,  perimetry  is  not 
ordinarily  part  of  a  routine  examination.  Since  many  visual  field  defects  are 
discovered  unexpectedly,  a  careful  evaluation  of  vision  should  become  "rou- 
tine." 

The  bedside  testing  of  vision  is  based  upon  some  of  the  following  factors:  1. 
figure-ground  discrimination,  2.  the  dependence  of  the  defect  upon  the  nu'thod 
of  testing,  and  3.  double  simultaneous  stimulation. 

Figure-Ground  Discrimination.  Figure-ground  discrimination  is  involved 
in  all  sensation  including  vision.  We  make  such  discriminations  con.stantly — the 
newspaper  headline  gains  our  attention  because  it  stands  out  by  virtue  of  its  size 
and  boldness.  We  can  ignore  it,  however,  when  we  read  the  story — thus,  figure 
and  ground  constantly  change  places.  In  defective  visual  fields  this  discrimina- 
tion is  blurred  and  properly  designed  tests  will  detect  the  abnormality. 

Method  of  Testing.  If  the  nature  of  the  stimulus  is  changed  the  size  and 
shape  of  the  visual  field  will  seem  to  change — a  patient  may  see  a  moving  hand 
in  all  parts  of  the  field  and  if  tested  only  in  this  way  appear  to  have  normal 
fields.  However,  if  the  stimulus  is  a  red  match  tip,  he  may  see  it  on  only  one 
side  and  not  on  the  other;  therefore,  with  this  method  there  is  a  demonstrable 
field  defect. 

Certain  types  of  stimuli  are  moi-e  difficult  to  recognize  than  others.  Motion 
is  easiest  to  perceive,  form  recognition  is  next,  and  color  is  the  most  difficult. 
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Thus,  the  size  of  the  field  will  be  the  largest  (about  180°  on  the  temporal  side) 
if  tested  with  hand  motion  or  large  white  objects,  smaller  for  the  identification 
of  objects,  and  smallest  when  the  test  objects  are  small,  colored  circles.  Disease 
brings  out  this  pattern  since  the  first  function  to  be  lost  is  color  identification 
whereas  it  is  the  last  to  recover  when  the  patient  improves.  On  the  other  hand, 
recognition  of  motion  is  the  most  resistant  to  disease  processes  and,  as  would  be 
expected,  is  the  first  faculty  to  recover. 

Doul)Ie  Simultaneous  Stimulation.  If  two  targets  are  presented  at  the 
same  time,  the  target  in  an  area  of  defective  vision  may  be  lost  or  seem  to 
change  its  characteristics  whereas  if  presented  alone  it  will  be  reported 
correctly. 

Location  of  Intracranial  Lesions.  Visual  field  defects  are  generally  accurate 
indicatois  of  the  location  of  intracranial  lesions.  Almost  without  exception,  a 
homonymous  field  defect  points  to  the  opposite  cerebral  hemisphere  in  its 
po.sterior  two-thirds.  Even  the  "classical"  indicators  of  lesions  on  one  side  of 
the  brain  or  the  other,  such  as  a  Babinski  sign  or  a  hemijiaresis,  may  be  mis- 
leading. As  a  rule,  a  left  Babinski  sign  is  found  in  right  cerebral  lesions  but 
in  some  cases  it  may  occur  in  a  left  cerebral  lesion.  This  is  rarely  the  case  with 
visual  field  defects;  a  left  homonymous  hemianopia  is  a  reliable  indication  of 
a  right  cerebral  lesion  and  its  visual  radiation  (that  is,  that  portion  of  the  visual 
pathway  between  the  lateral  geniculate  body  and  the  occipital  lobe,  with  its 
ramifications  in  the  temporal  and  parietal  subcortical  regions). 

Although  many  textbooks  stress  the  fact  that  lesions  of  the  optic  tract  (be- 
tween the  chiasm  and  the  lateral  geniculate  body)  also  result  in  homonymous 
hemianopia  and  emphasize  methods  of  differentiating  them  by  the  character- 
istics of  the  visual  field  defect,  such  lesions  are  in  fact  extremely  rare  and  for 
all  practical  purposes  may  be  ignored. 

Bitemjjoral  field  defects  are  highly  characteristic  of  lesions  of  the  optic 
chiasm,  again  with  very  few  exceptions.  Central  scotomas  indicate  optic  nerve 
disease. 

Peculiarly  shaped  scotomas,  sector  defects  and  other  rarities  are  uncommon 
in  neurologic  lesions  and  occur  predominantly  in  ocular  pathology. 

Methods 

Observations  by  the  Patient 

The  use  of  conventional  eye  charts  is  impractical  at  the  bedside.  However, 
the  patient's  report  of  what  he  sees  around  him  or  how  he  reads  can  be 
extremely  informative.  He  may,  for  example,  ignore  everything  on  one  side. 
People  who  enter  and  leave  the  room  on  that  side  may  be  ignored.  This 
phenomenon,  which  is  always  associated  with  a  homonymous  field  defect  and 
mental  changes,  is  called  "hemispatial  agnosia"  (there  are  also  other  names  for 
it) .  It  is  generally  associated  with  inability  to  draw  complete  figures  (one  side 
is  omitted)  and  inattention  to  other  types  of  stimuli  (sounds  or  skin  percep- 
tions) on  that  side. 
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The  patient  often  indicates  his  own  lielil  ilel'ect,  (juite  accurately  in  (lescril)ins 
the  examiner's  face.  For  example,  if  he  sees  the  nose  but  not  the  eye  or  ear  on 
the  same  side,  there  is  a  homonymous  defect  witli  relative  sparing  of  central 
vision.  As  a  patient  scans  a  pi'intcd  page  oi'  an  eye  chart,  consistent  omissions  on 
one  side  or  the  other  are  indicatiA-e  of  abnormality. 

Note  that  in  the  foregoing,  as  well  as  in  the  tests  to  be  described  subse(iuently, 
it  is  necessary  to  test  each  eye  .separately. 

Testing  by  the  Examiner 

Double  Simultaneous  Stimulation.  The  value  of  using  double  simultaneous 
stimulation  in  tests  for  sensory  functions  is  well  known.  In  brief,  a  single 
stimulus  (such  as  a  touch,  a  sound  or  an  object  to  be  seen)  may  be  reported 
correctly  even  if  it  is  in  a  defective  area.  However,  the  patient  may  fail  to 
perceive  it  if  another  stimulus  is  given  at  the  same  time  in  a  normal  area.  In 
the  case  of  visual  field  testing  there  is  actually  a  third  stimulus,  the  fixation 
point. 

Most  field  defects  will  be  disclosed  by  this  method.  Moving  fingers  are 
brought  in  from  the  extremes  of  the  field  on  either  side  and  the  patient  is  asked 
to  report  what  he  sees.  The  fingers  should  be  placed  in  diagonally  opposite 
quadrants  (upper  nasal  and  lower  temporal,  for  example)  in  order  to  detect 
quadrant  defects  and  to  avoid  the  physiological  blind  spot  in  the  temporal 
field.  A  positive  test  consists  of  the  following  responses: 

1)  Report  of  seeing  only  one  of  the  two  fingers  ("extinction"). 

2)  Report  of  seeing  the  two  fingers,  though  unable  to  localize  one  of  them  by 
pointing  to  it. 

3)  Report  that  one  finger  looks  blurred  or  indefinite  in  some  way. 

The  results  of  this  test  can  be  influenced  by  uneven  illumination  so  that,  if 
possible,  the  light  should  come  from  behind  the  subject.  In  addition,  the  wall 
or  other  background  behind  the  examiner  should  be  uniform.  If  these  conditions 
are  not  met  the  examiner  and  subject  should  change  places  and  the  test 
repeated. 

If  this  test  is  negative,  more  complicated  testing  should  l)e  done,  again 
using  one  target  in  each  of  two  fields: 

1)  Two  dissimilar  objects  (such  as  a  safety  pin  and  a  coin)  are  exposed 
simultaneously  and  the  patient  is  asked  to  identify  what  he  sees. 

2)  The  patient  is  asked  to  count  fingers  on  each  of  the  examiner's  hands. 

3)  The  most  useful  test  objects  are  ordinary  paper  or  wooden  matches  with 
red  or  green  colored  heads  (Fig.  1).  As  previously  mentioned,  color  recognition 
is  lost  early  in  lesions  of  the  visual  pathways:  in  this  test  3-4  mm  colored 
targets  are  exposed  simultaneously.  The  patient  is  asked  to  fixate  the  examiner's 
nose  and  the  examiner  holds  one  match  on  either  cheek.  (Remember  that  the 
normal  field  for  this  size  of  colored  object  is  quite  small.)  A  defect  is  disclosed 
when  he  fails  to  see  one  target  or  reports  it  as  white,  gray  or  less  intensely 
colored  than  the  other.  The  test  is  then  repeated  with  one  match  directly  on 
the  examiner's  nose  and  the  other  on  his  cheek.  Central  scotomas  will  be 
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detected  readily  if  tlu'  i)atit'nt  fails  to  see  the  match  on  the  nose  yet  sees  the 
other  one.  This  is  an  extremely  delicate  test  and  it  misses  a  defect  only  rarely. 

Increasing  experience  with  these  methods  confirms  certain  theories  that 
have  been  largely  unexplored  except  in  experimental  situations.  For  example, 
the  terms  "macular-sparing"  and  "macular-splitting"  are  only  relative  distinc- 
tions. Using  large  white  objects  or  finger  motion,  the  macular,  or  central  portion 
of  the  field  may  be  unaffected.  However,  when  colored  matches  are  used  the 
field  defect  may  extend  all  the  way  to  the  midline. 

Threatening  Gestures.  In  stuporous  or  aphasic  patients,  a  popular  method 
of  examination  is  to  observe  the  response  to  threatening  gestures  presented  from 
one  side  or  the  other.  These  can  i)e  a  moving  hand  In'ought  rapidly  towards 


Fig.  1.  Method  of  detecting  vi.sual  tivld  defects  using  paper  matches  with  colored  heads. 
The  examiner  holds  the  matches  as  shown  and  patient  is  asked  to  report  what  he  sees  while 
fixing  on  the  examiner's  nose.  A:  With  the  matches  on  the  two  cheeks,  one  or  the  other 
may  be  ignored,  reported  as  not  as  bright  as  the  other,  or  as  not  ha\"ing  any  color  at  all. 
Any  of  these  respon.ses  indicates  a  defect  in  the  corresponding  half-field.  B:  With  the 
match-heads  as  shown,  the  match  on  the  nose  maj^  be  incorrectly  reported  or  not  .seen  at 
all,  indicating  a  central  field  defect. 

the  eyes,  the  point  of  a  pencil  brought  close  to  the  cornea,  etc.  The  response  is 
blinking,  wincing  or  withdrawal  on  one  side  and  not  on  the  other.  In  our  experi- 
ence this  method  is  unreliable  for  detecting  homonymous  field  defects.  If  the 
response  is  consistently  different  on  the  two  sides,  it  can  indicate  dysfunction 
in  one  cerebral  hemisphere,  but  not  necessarily  affecting  the  visual  system. 

Hysteria.  Many  visual  field  defects  have  been  described  in  hysteria,  which 
is  a  much  more  common  condition  than  is  generally  assumed.  One  example  is 
the  "gun-barrel"  field  in  which  the  absolute  size  of  the  field  at  one  foot  is  the 
same  as  at,  say,  six  feet.  The  "spiral"  field  becomes  smaller  and  smaller  (or 
larger  and  larger)  as  testing  is  repeated.  Unlike  the  visual  field  defects  in 
organic  disease  the  hysterical  field  does  not  vary  consistently  with  the  size 
and  character  of  the  test  object.  The  field  for  match  heads,  object  recognition 
and  moving  fingers  will  be  of  the  same  size  and  shaj^e,  which  is  impossible  in 
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lesions  of  the  visual  j)atli\vays.  If  there  is  a  difference  between  tlie  sides  it  is 
generally  one  eye  that  is  defective  I'ather  than  the  honioiiyinous  fields  of  both 
eyes. 

Extinction.  As  already  mentioned,  extinction  is  the  failui-e  to  see  or  report 
one  or  two  simultaneously  exposed  test  objects.  When  it  occurs  in  only  one 
area  or  in  homonymous  half-fields  it  is  of  pathologic  significance.  However, 
extinction  is  also  an  everyday  phenomenon.  We  pick  out  significant  jiarts  of  a 
picture  and  ignore  the  others;  we  select  a  single  voice  in  a  noisy  room;  the 
magician  uses  sleight-of-hand  to  produce  visual  extinction  at  will;  in  the 
tactile  sphere  it  is  used  by  pickpockets. 

Completion.  There  is  one  other  phenomenon,  the  opj)Osite  of  extinction, 
which  also  has  everyday  counterparts  and  may  be  seen  in  defective  portions  of 
the  visual  field.  It  is  called  completion  and  can  be  demonstrated  at  the  bedside. 
If  a  large  letter  C  is  exposed  to  a  patient  with  a  right-sided  field  defect,  the  gap 
in  the  circle  may  be  "completed,"  and  the  letter  reported  as  an  0.  In  central 
scotomas,  the  incomplete  figure  )<  may  be  reported  as  a  perfect  X. 

Adaptation.  Ui)  to  now,  the  testing  has  emphasized  the  spatial  characteristics 
of  visual  fields.  However,  there  are  also  temporal  aspects,  an  example  of  which 
is  adaptation.  The  apparent  disappearance  of  unpleasant  odors  after  a  few 
minutes  is  a  familiar  instance  of  adaptation.  A  pin  prick  on  the  hand  of  a 
patient  with  a  hemisensory  deficit  may  be  initially  perceived  but  seems  to  dis- 
appear after  a  few  seconds.  Using  double  simultaneous  stimulation  the  phe- 
nomenon can  be  demonstrated  in  visual  fields.  Again,  the  match  heads  demon- 
strate this  most  easily — that  is,  one  match  head  may  seem  to  disappear  or 
grow^  indistinct  after  a  few  seconds  when  it  is  in  a  defective  field. 

Adaptation  Time.  As  in  other  sensory  modalities,  adaptation  time  is  reduced 
in  abnormal  fields.  That  is,  a  target  in  a  defective  area  will  seem  to  fade  or 
disappear  more  quickly  than  in  an  intact  portion  of  the  field.  This  difference  is 
easily  brought  out  by  exposing  two  targets  simultaneously.  Even  though  both 
are  perceived,  only  one  will  remain  unchanged  after  5  or  10  seconds.  The  pa- 
tient may  report  disappearance,  fading  of  color,  or  blurring  of  the  outlines  of 
the  object  in  an  abnormal  area.  Again,  useful  targets  are  match  heads,  safety 
pins,  and  coins.  Rapid  adaptation  would  seem  to  be  the  opposite  of  the  phe- 
nomenon observed  in  rapid  presentation  of  targets,  in  which  the  object  is  not 
seen  if  exposure  time  is  short,  but  occurs  after  the  object  remains  for  a  few 
seconds.  Actually,  both  may  occur  in  the  same  field. 

Testing  for  Enlarged  Blind  Spots 

Even  using  perimetry,  measurement  of  the  physiological  blind  spots  (which 
is  a  measure  of  the  size  of  the  optic  nerve  head)  is  difficult.  Nonetheless, 
enlargement  of  the  blind  spots  may  sometimes  be  detected  using  bedside 
methods.  The  match  heads  are  brought  in  slowly  through  the  temporal  fields  of 
each  eye  and  a  scotoma  may  appear  which  is  large  in  extent  and  therefore  easy 
to  elicit.  A  normal  blind  spot  will  be  hai'd  to  detect  in  this  way,  so  that  an 
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obvious  delV'ot  indicatc-s  an  ahnoniiality.  It'  it  ai)p('ar.s  in  both  eyes,  it  may 
signify  enlargement  of  the  blind  spots,  although  the  findings  will  be  the  same 
in  bitemporal  scotomas  due  to  chiasmal  lesions.  Enlargement  of  the  blind  spot 
is  encountered  in  papilledema  and  certain  nonpathologic  conditions  such  as 
pseudo-papilledema,  gliosis  of  the  optic  papilla,  driisen;  in  fact,  anything  that 
causes  the  optic  disk  to  be  larger  than  normal.  Two  things  should  be 
emi)hasized:  1)  Detecting  enlarged  blind  spots  is  difficult  and  requires  a  great 
deal  of  experience,  and  2)  Enlargement  of  the  blind  spots  does  not  always 
signify  papilledema. 

Pseudo-lsochromatic  Plates 

A  test  that  utilizes  most  of  the  principles  of  vi.sion  already  described  is  one 
in  which  the  test  objects  are  the  pseudo-isochromatic  plates.  These  are  the 
familiar  number-plates  in  general  use  for  detecting  color-blindness.  They  consist 
of  white  cards,  4-6"  square,  covered  with  colored  circles  of  various  sizes.  A 
central  digit  or  j^air  of  digits  is  distinguished  from  the  background  by  the 
fact  that  it  is  printed  in  a  different  color  from  the  circles  of  the  background. 
Care  has  been  taken  so  that  the  saturation  and  intensity  of  the  colors  of  the 
figure  and  background  are  the  same  and  that  only  hue  distinguishes  them.  (On 
one  card  of  the  series  designed  to  detect  simulated  color-blindness  a  colored 
figure  appears  in  a  background  of  neutral  gray  circles  [Fig.  2].) 

The  usefulness  of  this  test  in  neurologic  disorders  was  discovered  while  work- 
ing W'ith  patients  who  had  the  syndrome  of  hemispatial  agnosia.  In  this  con- 
dition there  is  a  homonymous  field  defect  and  mental  changes.  The  patients 
ignored  the  digit  on  the  side  of  the  defective  visual  field.  Thus,  a  patient  w'ith 
a  left  homonymous  field  defect  reported  a  74  as  4,  12,  as  2,  or  in  the  case  of 
single  digits  such  as  8,  split  the  figure  and  reported  3.  Since  then  it  was  found 
that  many  visual  field  abnormalities  could  be  detected  by  means  of  the  pseudo- 
i.sochromatic  plates. 

The  test  is  administered  without  strict  conditions  of  any  kind.  The  patient 
is  shown  a  card  and  asked  what  he  sees.  If  he  requires  corrective  lenses  for 
reading  he  must  wear  them.  All  the  cards  are  shown  and  responses  recorded. 
Each  eye  is  tested  separately. 

As  in  other  tests,  a  consistent  pattern  of  errors  is  significant.  The  errors 
may  consist  of  the  patient's  failure  to  report  digits,  reporting  them  incorrectly, 
repeatedly  hesitating,  or  vacillating  in  his  reports  of  one  or  the  other. 

If  the  patient  does  not  make  errors  under  these  conditions,  the  series  of 
cards  is  shown  again  using  limited  exposure  times.  A  card  is  exposed  for  a 
second  or  so ;  if  there  is  no  response  the  time  is  lengthened  until  some  answer 
is  given  and  then  this  exposure  time  is  used  for  all  succeeding  cards.  (Although 
this  is  a  form  of  tachistoscopy,  widely  used  in  the  laboratory,  no  specific  times 
are  used  or  recommended.  As  in  the  other  tests  described  previously,  imposi- 
tion of  rigid  conditions  of  testing  actually  reduces  the  value  of  these  bedside 
procedures. ) 

In  spite  of  the  complex  nature  of  the  visual  discrimination  involved  here 
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( iVoiii  ;i  physiologic  |)oiiit  ol'  virw  I  the  test  can  \>r  iiitcrpicicil  in  iiiaii\-  i  hiil  not 
allj  confused,  apluisic,  or  otherwise  "iiiicooperativc"  patients,  inchidinif  cliil- 
dren  who  arc  too  young  to  identify  numbers.  \\'e  iiave  l)een  surprised  repeatedly 
at  the  cooperation  displayed  on  this  test  by  a])liasics  and  others.  If  no  verbal 
response  is  obtained  we  ask  the  patient  to  point  to  what  he  sees;  if  he 
points  to  only  the  riglit-or-left-sided  digits  the  same  iiiteri)retation  can  be  made 
as  though  he  gave  the  I'esponse  verbally. 


:)c. 

- 

,  ■  V 

■Of. 

Fig.  2.  One  of  the  Pseudo-Lsochromatic  Plates.  Errors  in  reporting  the  left-hand  digit 
(such  re.sponses  as  7  or  37)  or  the  right-hand  digit  (.such  re.spon.ses  as  2  or  21).  if  consistent 
on  a  series  of  cards  similar  to  tliis  one,  indicate  defects  in  the  c()rres))()iiding  half  of  the 
visual  field.  Failure  to  report  both  digits  correctly  (especially  when  the  li'st  is  done  jier- 
fectly  with  the  other  eye)  indicates  a  central  scotoma  or  other  cenli;!!  lii  ld  defect.  (The 
original  plate  was  retouched  for  purpo.ses  of  black-and-white  reprodud  Km. ) 

The  pattern  of  errors  is  interi)ieted  in  exactly  the  same  way  as  in  other 
visual  field  tests;  homonymous  errors,  bitem])oral  errors,  and  errors  in  only  one 
eye  signify  dysfunction  in  tlie  I'eti'ochiasmal  patliway,  optic  chiasm  oi'  optic- 
nerve  respectively. 

In  spite  of  the  fact  tliat  the  test  was  first  develo])ed  in  patients  with  mental 
changes  (as  in  hemispatial  agnosia),  many  patients  without  them  make  the 
same  errors.  In  fact,  more  patients  with  chiasmal  or  optic  nerve  lesions  (who 
usually  do  not  have  mental  changes)  make  significant  errors  than  those 
with  defects  in  the  cerebral  hemisjjheres.  The  greatest  factor  in  the  i)ro(luction 
of  errors  on  this  test  is  the  presence  of  involvement  of  the  central  i)ortion  of  the 
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\-isu;il  ficlil.  Xot  all  patients  with  \-isual  field  defects  luakt'  errors  usiiif;  this 
method,  and  tlu'ret'ore  it  cannot  he  vised  to  exclude  lesions  of  the  visual  ]iath- 
ways. 

The  result>  in  color  hlind  persons  ari'  haider  to  interpret;  however,  these 
subjects  can  often  see  a  few^  of  the  cards  and  a  definite  one-sided  pattern  can 
only  he  the  result  of  a  field  defect.  Color  l)lindness  restricted  to  one  eye  is  so 
rare  that  it  may  be  ignored. 

SUMMARY 

In  >uiumary,  methods  of  t)eilside  testing  of  visual  function  have  been 
descril)ed.  These  have  great  practical  value  to  the  physician  and  also  illustrate 
certain  principles  of  normal  and  abnormal  visual  ftmction.  Although  some  of 
them  are  so  simple  that  their  use  may  ajjpear  naive  and  their  description 
sui)erfiuous,  they  give  accurate  and  uneciuivocal  infoi'mation  about  the  jiatient's 
vision.  Their  simplicity,  furthermore,  jicrmits  the  physician  to  gain  experience 
in  large  numbers  of  cases  and  frees  him  from  dependence  on  the  ophthahnologist 
for  an  essential  ]iart  of  the  neurological  examination. 


Modifiralioiiw  of  iho  Sensory  Exuiiiiiialion 


MOHHIS  li.  BKXDEK,  M.D. 
New  York.  N.  Y. 

The  sensory  status  can  be  evaluated  in  every  patient.  'Inhere  is  no  prohlciii 
when  the  subject  is  alert  and  can  verbally  describe  the  nature,  cjuality,  and  loca- 
tion of  the  sensory  experience.  The  alert  patient  with  a  lesion  in  the  nervous 
system  often  gives  an  accurate  and  detailed  account  of  the  impaired  sensation. 
In  the  confused  and  aphasic  patient  the  sensory  examination  is  more  difficult; 
one  must  depend  partly  on  the  patient's  verbal  resj)onse  and  jiartly  on  the  emo- 
tional reaction.  In  semistupor  the  sensory  function  can  be  evaluated  to  some  de- 
gree by  the  gross  motor  reactions  to  noxious  sensory  stinudi;  there  may  be 
wincing  or  the  withdrawal  of  a  limb  more  on  one  side  of  the  body.  In  the 
comatose  state  the  sensory  stinuilus  response  may  consist  of  purely  I'eflex  motor 
reactions.  Here  it  may  be  impossible  to  determine  whether  lack  of  a  resi)onse  is 
due  to  a  sensory  or  motor  loss. 

In  the  alert  subject  pain  (pin  prick j ,  temperature  ( cold  metal )  ,  tactile  (light 
touch  with  a  finger),  vil)ration  (128  timing  fork)  and  position  sense  (in  fingers 
and  toes)  are  tested.  These  are  routine  tests  and  do  not  need  comment.  These 
modalities  are  tested  by  the  standard  method  of  aj^iilication  of  a  single  stimulus 
for  a  brief  moment.  However,  mollification  of  the  technifiue  may  disclose  de- 
fects which  ordinary  examination  may  fail  to  evoke. 

Tests  for  Appreciation  of  Vibration  Position  and  Two  Point  Discrimina- 
tion 

Appreciation  of  vibration  is  usually  tested  by  placing  a  vibrating  fork  over 
bony  prominences.  If  the  patient  indicates  there  is  vibration  it  is  difficult  to 
determine  whether  there  is  a  decrease  in  this  modality.  Partial  impairment  of 
this  sensory  function  can  be  detected  by  testing  over  soft  tissues,  e.g.,  abdomen, 
thighs,  calves.  A  sensory  level  can  be  ascertained  over  the  abdomen  (1).  Im- 
pairment in  the  fingers  can  be  detected  by  simultaneous  com{)arison  of  the 
patient's  and  examiner's  perception  of  vibration.  If  the  examiner  places  his  own 
finger  under  that  of  the  patient  the  vibration  will  be  transmitted  to  the  ex- 
aminer. After  a  few  seconds  as  the  vibrations  diminish  in  intensity,  the  i)atient 
may  state  that  there  is  no  longer  vibration,  whereas  the  examiner  may  continue 
to  appreciate  it.  Thus  testing  each  finger  in  this  manner  may  reveal  a  reduced 
though  not  absent  vibration  and  it  will  helj)  to  detect  a  lesion  in  the  nervous 
system  much  earlier.  The  sense  of  position  is  usually  tested  in  fingers  and  toes 
but  when  there  are  gross  defects  impairment  of  sense  of  movement  and  position 
may  be  found  in  the  larger  joints  such  as  at  wrist,  elbow,  ankle,  or  knee.  These 
are  simple  tests  and  when  the  response  is  faulty  it  means  gross  impairment  of 
function.  As  for  two  point  discriminations,  the  tests  are  made  in  tips  of  fingers 

Supported  by  U.S.P.H.S.  (irant  ?^NB— 05221. 

221 


MOKHIS   H.   BENDER,  M.D. 


and  occasionally  in  lips  and  tongue.  It  is  rarely  tcstctl  in  the  toes  chiefly  he- 
cuuse  the  distance  between  the  two  i)oints  when  discrimination  is  ])ossil)le  is 
bigger  than  the  toes  tested.  To  obviate  this,  the  points  should  be  applied  across 
three  or  more  toes  ( e.g.  first  and  third) . 

Sensory  A<laptali«ni 

In  tests  for  pain  or  other  modalities  the  ordinary  method  may  evoke  no  ab- 
normalities. A  sint^le  brief  pin  ])rick  stimidus  may  be  rei)orted  as  normal.  Also 
when  the  stimulus  is  a])plied  continuously  the  normal  subject  will  continue  to 
feel  the  pin  even  after  a  i)eriod  of  100  seconds.  However,  beyond  this  interval 
the  sensation  will  often  fade  and  disapjiear.  Tlie  time  elapsed  until  disai)pear- 
ance  is  known  as  the  sensory  adaptation  time  which  may  be  as  long  as  3  min- 
utes (2). 

The  test  for  sensory  adajitation  is  simple.  The  stimulus  should  be  applied 
with  the  patient's  eyes  closed  and  for  a  period  of  not  more  than  15  seconds.  If 
the  adaptation  period  is  more  the  clinical  significance  is  little,  if  less  such  as 
within  5  seconds  one  must  consider  the  sensory  area  as  malfunctioning.  To  con- 
firm this  finding  one  should  always  test  other  areas  of  the  sensory  field.  The 
test  may  be  i)erfornied  with  simultaneous  application  of  stimuli  on  two  sides 
of  the  body.  Vnder  such  conrlitions  the  adajitation  time  may  be  further  reduced 
to  one  or  two  seconds,  making  the  dift'erence  in  sensibility  more  apj^arent.  In 
some  cases  of  sensory  disorder  the  adaptation  time  may  be  drastically  reduced. 
The  ])atient  with  a  right  parietal  lobe  lesion  may  report  a  disappearance  of  a 
sensation  after  2-5  seconds  of  continual  application  of  a  jfin  ])rick  stimulus  on 
the  left  hand  or  anywhere  on  the  left  side  of  the  body.  Thus  a  patient  with  a 
two  month  history  of  headache  had  no  gross  abnormalities  on  I'outine  neuro- 
logic examination  but  repeated  tests  for  sensory  adaptation  disclosed  markedly 
I'educed  adaptation  time  in  the  left  hand  and  to  a  lesser  degree  on  the  left  side 
of  the  l)ody.  With  this  significant  sensory  finding  angiography  was  performed 
and  a  right  subdural  hematoma  was  discovered. 

Tests  with  Double  Simultaneous  Stimulation 

As  mentioned  in  tests  for  adaptation  time,  bilateral  simultaneous  stimulation 
may  evoke  a  deficit  which  is  much  greater  than  on  unilateral  single  stinudation. 
The  sensory  phenomenon  which  occurs  on  simultaneous  stinudation  has  been 
known  for  thousands  of  years.  The  art  of  pickpocketing  depends  on  the  prin- 
ciple of  interaction  between  two  simultaneously  applied  stimuli.  In  patients 
with  lesions  of  the  nervous  system  sensoiy  defects  can  often  be  uncovered  with 
the  double  techniciue  (3).  The  method  consists  of  pin  prick  stimuli  simulta- 
neously applied  to  the  right  and  left  hand  or  other  homologous  parts.  In  a  pa- 
tient with  a  lesion  in  the  right  side  of  the  brain  the  patient  will  report  the 
percept  in  each  hand  without  difference  in  quality  when  the  stimuli  are  applied 
successively.  However,  when  the  two  hands  are  tested  simultaneously  only  the 
right  percept  is  reported;  the  left  is  not  perceived.  Painful,  thermal,  tactile, 
stereognostic,  and  other  sensory  functions  may  thus  be  tested  and  deficits  un- 
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covei'cd  wlicieas  routine  .stimulation  may  show  "normal"  responses.  'I'hc  mctlioil 
of  bilateral  or  double  simultaneous  stimulation  is  well  establisheii  and  may  be 
used  in  tests  of  other  sensations  sueh  as  vision  and  hearing. 

Sensory  Status  in  Patients  with  Confusion,  Aphasia,  Stupor,  or  Coma 

The  method  of  simultaneous  stimulation  can  also  be  used  to  elicit  sensory 
deficits  in  the  confused  or  aphasic  ])atients.  Consistent  sensory  deficits  in  the 
mentally  confused  may  not  be  apparent  by  conventional  methods  of  testing 
but  may  with  double  simultaneous. stimulation.  Unilateral  defects  in  somato- 
sensory functions,  vision,  and  hearing  may  be  elicited.  A  patient  with  severe 
mental  deficits  with  apparently  normal  motor  functions  showed  no  impairment 
of  vision,  hearing,  oi'  jnn  prick  sensibility  when  examined  by  the  conventional 
method  of  singk'  unilateral  stimulation.  The  same  patient  failed  to  perceive 
any  of  the  above  modalities  on  the  left  side  when  tested  with  bilateral  simul- 
taneous stimulations.  These  sensory  deficits  were  the  only  manifestations  of  a 
localized  disturbance. 

In  the  severely  aphasic  ])atient  one  must  observe  the  motor  and  emotional 
reaction.  Thus  with  single  pin  prick  stimulation  applied  to  the  right  or  left 
hand  the  withdrawal  may  aj^pear  to  be  erjual  on  both  sides.  However  with  bi- 
lateral simultaneous  stimulation  in  the  same  areas  the  act  of  withdrawal  ma}^ 
occur  only  with  the  left  hand. 

In  stujiorous  patients,  moderately  noxious  pin  prick  stimuli  across  the  fore- 
head or  in  the  limbs  should  be  used  and  response  can  be  judged  by  facial  ex- 
pression or  limb  withdrawal.  However,  unless  there  is  a  consistent  difference 
in  the  response  on  the  two  sides  no  conclusion  can  be  drawn  as  to  implication 
of  a  cutaneous  sensory  field. 

In  the  comatose  patient  .-^uch  as  in  acute  stroke  or  intraventricular  bleeding, 
sensory  examination  is  imjiractical.  A  stuporous  or  comatose  patient  with  an 
acute  spastic  left  hemiplegia  may  respond  to  noxious  painful  stimuli  with  a 
patterned  movement  of  the  paralyzed  limb.  This  does  not  exclude  involvement 
of  sensation.  The.se  are  segmental  response  and  usually  indicate  a  poor  prog- 
nosis particularly  if  the  segmental  response  is  bilateral.  Pinching  or  j)in  prick 
stimuli  on  the  skin  across  the  chest  wall  may  evoke  an  ipsilateral  extensor 
movement  at  the  elbow,  overpronation  and  flexion  at  wrist  and  marked  clinch- 
ing of  the  hand.  Stimulation  in  the  pubic  or  lower  abdomen  area  may  cause 
ipsilateral  extensor  movement  at  the  knee,  as  well  as  plantar  flexion  and  inver- 
sion of  the  foot.  When  these  responses  are  unilateral  they  signify  damage  in 
the  opposite  cerebrum;  they  also  indicate  that  recovery  of  useful  function  in 
these  limbs  is  not  good. 

SUMMARY 

Besides  the  routine  sensory  examination  tests  for  appreciation  of  vibration, 
sensory  adaptation  time  and  method  of  double  sinudtaneous  stinudation  are 
described.  These  simple  tests  can  reveal  deficits  not  elicited  by  conventional 
techni(|ues. 
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Convent ionnl  lucthods  of  testing  motoi'  function  include  a  i-outinized  system- 
atic evaluation  of  power  at  each  joint  regardless  of  the  apparent  anatomic 
source  of  weakness.  In  contrast,  this  communication  will  attempt  to  deal  with 
patterns  of  jjowei'  testing  because  there  are  differing  patterns  of  power  loss  de- 
jx'nding  upon  whether  a  lesion  is  central  (brain,  brainstem,  spinal  cord)  or 
peripheral.  Deficit  in  strength  in  a  central  lesion  may  be  said  to  be  a  disorder 
of  movement  whereas  in  a  i)erijihcral  lesion  it  is  a  disorder  of  muscle.  There- 
fore, emphasis  should  l)e  j^laced  upon  certain  aspects  of  the  examination  in 
each  situation.  For  example,  in  a  cerel)ral  lesion  if  certain  key  movements  are 
weak,  testing  all  movements  will  add  little  to  the  meaningful  data.  However,  in 
a  suspected  ncM-ve  root  lesion,  testing  all  muscles  supplied  by  the  root  in  ({iiestion 
is  indicated. 

Observations 

The  following  s])ontaneous  activities  should  be  oljserved:  1)  Facial  move- 
ment in  conversation,  smiling,  and  blinking  for  evidence  of  sagging  of  the 
angle  of  the  mouth  and  greater  mobility  of  the  opposite  side  of  the  face.  The 
side  which  sags  in  repose  may  show  paradoxically  greater  mobility  in  smiling 
but  testing  against  resistance  should  disclose  the  actual  side  of  the  weakness. 
2)  Tremor,  choreo-athetotic  grimacing,  dystonic  trunk  and  leg  movements,  de- 
creased arm  swing,  leg  circumduction,  spasticity,  dragging,  or  foot  drop  (slap- 
ping the  floor)  in  walking.  3)  Awkward  arm  movement  or  incoordination  as  the 
patient  attempts  to  light  a  cigarette.  4)  Bizarre  attitudes  or  levitation  of  an 
arm  or  leg.  5)  Synkinesias  or  movements  related  to  contractions  in  muscles 
other  than  those  being  tested.  Contraction  of  circumoral  muscles  when  the  eye 
is  shut  or  vice  versa  may  indicate  a  peripheral  facial  lesion.  Similarly,  in  a 
central  lesion,  an  arm  or  hand  may  move  automatically  when  alternating  leg 
movements  or  power  are  being  tested  and  vice  versa. 

When  the  patient  is  observed  in  bed,  failure  to  spontaneously  move  an  arm 
and/or  leg  unilaterally  points  to  a  central  motor  jiroblem  which  is  not  explained 
on  the  basis  of  weakness  alone. 

Examinations 

General  Principles 

Tests  of  ])ower  depend  upon  the  examiner's  percejition.  The  least  power 
needed  to  move  a  part  or  to  resist  the  patient's  attempt  at  mo^•ement  should 
be  determined.  Generally,  it  is  easiei-  to  determine  the  presence  of  weakness 
by  permitting  the  jjatient  no  initial  advantage.  Thus,  the  patient  usually  should 
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not  he  pc'iinittcd  to  fix  a  j^ivcn  joint  because  his  advantage  bi'comes  too  great. 
Similarly,  hand  or  foot  dorsiffexion  weakness  is  more  easily  demonstrated  when 
the  ])atient  starts  from  the  fiaccid  oi'  rest  position  rather  than  the  extensor  posi- 
tion. This  approach  is  more  j^ractical  for  testing  movement  of  large  or  long 
nuiscles.  In  testing  tligital  power,  however,  the  examiner  should  permit  the  pa- 
tient nuixinunn  advantage. 

The  Pattern  of  Central  Motor  Defects 

The  pattern  of  central  motor  deficit  (cerebral  hemisphere  to  the  high  brain- 
stem region)  is  unilateral  weakness  of:  facial  movement,  shoulder  elevation, 
thumb  and  small  finger  abduction,  elbow  and  wrist  extension,  thigh  flexion  on 
hip,  and  toe  and  foot  dorsiflexion.  These  movement  defects  predominate  in 
cerebral  hemisphere  and  high  })rainstem  lesions.  Facial  movement  is  usually 
affected  the  least. 

Facial  Muscles.  Eye  and  mouth  closure  and  jilatysma  activity  are  the  most 
sensitive  tests  of  facial  power.  The  ])atient  closes  his  eyes  with  maximum  force 
and  the  examiner  attempts  to  open  each  with  a  finger,  or  holds  the  upper  lid 
with  the  finger  during  closure,  or  stimulates  the  cornea  and  assesses  the  force 
of  the  motor  response  while  the  upper  lid  is  held.  A  wider  palpebral  fissure 
suggests  weakness  of  eye  closure  on  that  side  as  does  decrease  in  lid  excursion 
in  spontaneous  blinking  on  one  side  and  failure  to  close  the  eye  completely  in 
sleep.  As  a  test  of  mouth  closure,  the  patient  apposes  his  lips,  not  his  teeth, 
with  maximum  force  in  jireventing  the  examiner  from  opening  his  mouth.  The 
examiner  then  pulls  the  upper  lip  ui)ward  on  each  side  and  the  lower  lip  down- 
ward, in  sequence.  Gentle  pressure  may  be  exerted  on  the  platysma  with  the 
other  hand  to  determine  its  tone  because  this  movement  is  often  jiresent  synki- 
netically.  Forcible  neck  flexion  against  resistance  apjilied  to  the  under  surface 
of  the  chin  will  also  l)ring  the  platysma  into  play.  To  test  for  decreased  tone 
of  the  nasolabial  fold,  the  examiner  gently  pulls  upward  on  the  fold  as  the 
patient  forcibly  closes  his  eyes.  These  methods  are  more  sensitive  than  devices 
such  as  whistling,  puffing  the  cheeks,  wrinkling  the  forehead,  or  showing  the 
teeth. 

Fingers.  Radial  abduction  of  the  thumb  is  probably  the  most  sensitive  test 
for  weakness  of  central  origin.  The  patient  extends  his  fingers  and  raises  his 
thumb  forcefully  at  a  right  angle  to  the  radial  border  of  the  arm  and  fingers. 
The  examiner  attempts  to  push  the  thumb  downward  towai'd  the  index  finger 
with  his  own  index  finger  jilaced  at  the  level  of  the  interjjhalangeal  joint.  The 
ajiproach  should  be  standardized  for  each  hand,  either  from  the  palmar  or 
dorsal  side.  A  less  sensitive  variation  of  this  test  is  to  have  the  patient  i>ress 
thuml)  against  index  finger,  tip  to  tip;  the  examiner  attempts  to  pull  his  index 
finger  through  this  "ring"  or  to  separate  the  two  digits.  Abduction  of  the  small 
finger  is  also  a  sensitive  movement.  The  fingers  are  si:>read  as  strongly  as  pos- 
sible and  the  examiner  straddles  the  index  and  small  fingers  at  the  distal  in- 
terphalangeal  joints  with  his  thumb  and  middle  finger  and  then  gently  forces 
the  fingers  together. 
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EllioM  and  Slioiihlt'i-.  I^lhow  extension  is  tested  by  li;i\-ini^  tlie  patient  jiusli 
anteriorly  uf^ainst  the  e.\aniinei-'s  tliunih-index  fin<2;er  wel),  with  the  patient's 
wrist  cradled  in  the  wel).  The  ])a(ient's  elbow  may  start  at  45°  fl(>xion  from  the 
shoulder,  closer  to  the  shoulder,  and  at  9t)°  of  elbow  flexion.  Shoulder  elevation 
is  tested  singly  and  (loul)ly  with  the  examiner's  hand  on  the  ])atient's  shoulder 
in  a  crossed  epaulet  position.  Starting  from  a  resting  position,  the  shoulders  are 
shrugged  forcibly  in  a  single  movement.  Abduction  of  the  arm  at  the  shoulder 
may  be  affected  in  a  ceiiti'al  weakness  jiattern. 

Toe  ami  Foot.  Toe  dorsiflexion  weakness  appears  before  foot  weakness,  and 
small  toe  weakness  jirecedes  that  of  the  great  toe.  Therefore,  the  patient  is 
asked  to  dorsiflex  all  his  toes  and  the  examiner  attempts  to  depress  them  with 
the  distal  parts  of  his  fingers.  Resistance  of  the  great  toe  is  tested  by  hooking 
the  index  finger  over  the  dorsal  surface  of  the  toe  and  pulling  downward.  In 
contrast,  foot  dorsiflexion  should  be  tested  by  having  the  patient  start  from  the 
plantar  flexed  rest  position,  while  the  examiner's  pulrn  is  placed  on  the  dorsum 
of  the  foot  in  resistance. 

In  general,  the  writer  has  found  it  easier  and  more  effective  to  test  the  move- 
ments described  for  the  upper  extremities  and  face  with  the  patient  in  the 
sitting  position  on  a  bed  or  examining  table.  Pronation,  postiu-ing,  drift  in  an 
upward  or  downward  direction  and  trunk  deviation  should  be  noted  when  the 
arms  are  held  outstretched  and  eyes  closed. 

Associated  Movement  Defects 

Since  weakness  of  central  origin  is  a  movement  deficit,  other  disturbances  in 
movement  are  to  l)e  exjiected.  Indeed,  they  are  among  the  most  valuable  cor- 
roboiative  signs.  It  should  be  kejit  in  mind  that  overlap  in  phenomenology  is 
unavoidable.  Thus,  hand  aw'kwardness  in  performing  a  movement  may  be  the 
result  of  involvement  of  one  of  several  different  systems;  cerebral,  so-called 
basal  ganglia,  cerebellai-,  or  iiroj)rioceptive. 

Rapid  and  Fine  Movements 

For  testing  rapid  and  fine  movements  the  patient  is  requested  to  open  and 
close  the  fist  rapidly ;  the  speed,  precision  and  local  control  are  noted.  Careful 
notation  of  the  behavior  of  the  distal  phalanx  of  the  thumb  is  important.  In 
this  maneuver  it  should  flex  along  with  other  flexor  movements.  If  it  remains 
straightened,  or  after  several  movements,  straightens  and  does  not  flex  again, 
there  is  a  defect.  The  opening  and  closing  of  the  fist  should  be  done  with  the 
hands  relatively  outstretched  in  front  of  the  patient,  palmar  surface  down. 
The  patient  is  also  asked  to  rotate  his  outstretched  arms  and  hands  with  the 
limb  at  180°  throughout.  Disorganization  of  this  movement  indicates  the 
presence  of  a  movement  deficit  as  does  disorganization  of  rapidly  patting  the 
thighs,  alternating  palm  up  and  palm  clown  while  sitting.  Likewise,  the  patient 
is  asked  to  tap  his  w^-ist  with  the  first  two  fingers  of  the  opposite  hand  (not  the 
thumb)  and  then  to  alternately  tap  with  palmar  and  dorsal  surfaces  of  these 
fingers.  Again,  decomposition  of  the  movement  indicates  a  defect.  With  the 
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liands  outst rctclu'd  and  hold  rclaxi'd.  the  patii'iit  is  asked  to  wiggle  only  the 
index  finger  upward  and  downward,  without  moving  the  other  fingers.  Dis- 
organization of  this  movement  is  indicated  by  overflow  of  the  movement  to  the 
otlier  fingers.  Rapid  tapping  of  the  thumb  at  the  interphalangeal  joint  by  the 
index  finger  is  a  useful  rapid  movement  as  is  the  rai)id  tapping  of  other  fingers 
in  sequence  i)y  the  thumb  sometimes  called  "piano  playing."  In  these  maneu- 
vers, one  hand  serves  as  a  control  hut  bilateral  movement  disorders  can  be 
present. 

When  the  patient  is  su])ine  he  is  asked  to  tap  the  examiner's  hand  rapidly 
with  the  sole  of  his  foot  or  to  tap  the  foot  of  the  l)ed.  Or.  when  standing  he 
taps  the  fioor  repetitively.  The  basic  movement  should  be  one  of  flexion  and 
extension  at  the  ankle  without  bringing  the  more  proximal  joints  into  play. 
Rotational  movements  may  be  tested  in  both  situations  by  having  the  patient 
rapidly  rotate  the  foot  on  the  heel  while  recumbent  or  to  ])iv()t  rai)idly  to  and 
fro  on  the  heel  while  standing. 

Rapid  tongue  movements  may  be  tested  by  lia\iiig  the  patient  move  his 
tongue  iai)idly  from  side  to  side  or  by  rapidly  piotruding  and  retracting  it. 

Coordination 

Arm  coordination  is  tested  by  having  the  patient,  with  eyes  open,  touch  the 
examiner's  index  finger,  which  is  moved  from  position  to  jiosition  with  his  own, 
or  to  touch  his  finger  to  his  nose,  or  to  draw  a  numl)er  in  the  air.  The  arm  should 
be  extended  fully  and  unsuiiported  at  the  ell)ow.  Contact  should  be  i)recise  with 
no  associated  abnormal  mo^•ement.  ^Marked  defects  with  eyes  closed  but  not  open 
may  indicate  that  the  jiroblem  is  one  of  position  sense.  Minor  differences  do  not 
carry  this  connotation. 

Leg  coordination  is  tested  when  the  jiatient  touches  the  examiner's  finger  with 
his  great  toe,  places  his  heel  directly  on  a  match  book  on  the  opposite  patella 
without  dislodging  it,  i)laces  one  heel  on  the  opposite  knee  and  moves  it  directly 
down  the  shin  to  the  dorsum  of  the  foot  in  successive  movements,  or  draws  a 
number  in  the  aii'  with  his  foot,  such  as  a  figure  eight. 

Gait  is  tested  l)y  walking  in  tandem,  backwards,  ])acing  off  from  side  to  side 
with  the  feet  remaining  parallel  and  stopi)ing  suddenly  on  command.  Note 
whether  the  movement  is  promjitly  checked  or  whether  the  patient  cannot  over- 
come his  inertia  in  a  particular  direction.  To  test  station,  the  patient  is  a.sked 
to  stand  in  tandem  with  one  foot  directed  forward  and  then  the  other  and  to 
balance  on  one  leg  with  the  eyes  open  and  closed. 

To  test  for  so-called  past-pointing  the  examiner  forms  a  small  "V"  with  his 
two  index  fingers  which  the  patient  touches  repeatedly  with  eyes  open  and  then 
closed.  Normally,  he  should  be  able  to  touch  this  point  with  ])recision. 

For  coordination  of  trunk,  the  patient  sits  hands  outstretched  and  eyes 
closed.  The  examiner  can  suddenly  thru.st  his  hand  against  the  patient's  out- 
stretched arms  to  see  whether  balance  is  immediately  restored. 

Handwriting  disorders  may  indicate  the  jiresence  of  an  organic  problem  with- 
out other  evidence.  The  ability  to  handle  curvilinear  movement  is  most  im- 
portant and  decomposes  early. 
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Muscle  Tone 

Muscle  tone  i.s  cxaiiiiiu'il  foi'  of  increased  or  decreased  ivsistance. 

To  test  neck  tone,  grasp  the  chin  and  suhocciput  and  rock  the  head  to  and  fro 
and  side  to  side  with  thv  chin  (hrected  altei-nately  toward  each  shoulder.  For 
arm  tone,  grasp  the  patient's  hand  in  a  handclasp  and  place  the  other  hand  on 
the  biceps,  then  I'otate  the  forearm  and  extend  the  arm  at  the  elbow  and  flex 
and  extend  the  hand.  Placing  one  hand  on  the  bice]is  helps  to  determine  whether 
cog-wheeling  is  present.  Grasping  the  wrist  and  shaking  the  arms  noting  the 
"floppiness"  of  the  passive  hand  movement  is  a  similar  test  of  resistance.  The 
dangling  legs  of  the  seated  ]mtient  may  be  thrust  backward  below  the  knees  and 
the  amount  of  pendular  activity  noted.  A  circumducted  or  figure  eight  movement 
is  abnormal.  Leg  resistance  is  also  tested  l)y  grasjnng  the  knee  and  rapidly  rotat- 
ing the  leg  on  the  heel  of  the  supine  patient.  A  sliding  heel  movement,  which  may 
also  be  heard,  indicates  increased  resistance.  The  leg  may  be  held  at  the  foot  with 
one  hand  and  supported  in  the  popliteal  region  with  the  other  wdaile  ankle, 
knee,  and  thigh  are  alternately  flexed  and  extended.  Rotational  resistance  at 
the  hip  may  also  be  determined  with  this  maneuver. 

A  judgment  based  on  experience  is  made  concerning  decreased  resistance  or 
excessive  "floppiness"  of  hand  or  foot.  The  outstretched  hand  may  suggest  that 
hypotonia  is  present  if  the  fingers  are  overextended  and  the  hand  assumes  a 
"spooning"  posture.  The  capacity  to  check  a  forceful  movement  should  be  noted. 

Individual  muscle  responses  to  direct  stimulation  include  the  degree  of  move- 
ment, myotonia,  or  fasciculations  which  are  determined  by  striking  the  muscle 
belly  with  fingers  or  reflex  hammer.  Myotonia  may  be  elicited  when  the  muscle 
is  contracted  voluntarily  and  then  abruptly  relaxed.  Muscle  activity  and  a  cold 
environment  are  conducive  to  eliciting  fasciculations.  The  presence  of  fascicula- 
tions may  be  seen  in  central  or  in  peripheral  lesions  or  may  have  no  significance 
whatever.  One  usually  depends  almost  exclusively  on  concomitant  signs  to  deter- 
mine whether  an  organic  problem  exists. 

Adventitious  Movements 

Adventitious  movements  include  fasciculations,  tremor,  and  choreo-athcto- 
dystonic  movements.  The  examiner  should  be  alerted  by  an  abnormal  attitude 
or  posture  of  the  limb,  by  a  dipping  gait  seemingly  involving  one  leg,  by  overflow 
of  movement  to  muscles  not  necessary  to  perform  a  task  (buttoning  or  tying  a 
shoe  lace) ,  and  by  movements  at  a  distance  such  as  sudden  extensor  toe  move- 
ments when  the  patient  grips  the  examiner's  fingers.  A  sudden  extensor  or 
flinging  movement  of  an  arm  or  hand  while  the  patient  walks  is  significant.  A 
milking  movement  i:)resent  during  tests  of  grip  is  actually  an  inability  to  main- 
tain a  sustained  contraction.  During  this  maneuver,  the  patient  with  dyskinesia 
is  often  unable  to  maintain  the  tongue  protruded;  it  may  dart  in  and  out.  Over- 
flow movement  may  be  tested  by  asking  the  patient  to  suddenly  flip  his  out- 
stretched hand  from  the  supine  to  the  prone  position  with  the  hand  parallel  to 
the  floor.  Overpronation  and  inability  to  check  the  hand  at  the  appropriate 
point  are  pathologic  signs.  A  relatively  insignificant-appearing  phenomenon 
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such  a.s  clcncliiiio;  and  opening  the  finger!^  inai)proi)riately  while  walking  may 
serve  as  an  indication  that  a  dyskinesia  is  jiresent. 

Fatigue 

Fatigue  of  a  movement  may  be  tested  in  several  ways  and  for  different 
purposes.  When  holding  the  arms  or  legs  elevated  before  him  the  patient  is 
tested  for  drift  or  pronation.  If  drift  occurs  it  indicates  the  presence  of  neuro- 
genic movement  disorder.  The  second  method  of  testing  for  fatigue  consists  of 
exercising  the  patient  in  a  particular  movement.  The  primary  intent  is  to  de- 
termine whether  the  muscles  themselves  are  diseased.  The  examiner  may  re- 
quest the  patient  to  raise  his  arms  overhead  successively  in  the  usual  calisthenic 
type  of  exercise.  When  the  patient  can  no  longer  perform  or  complains  of  ex- 
cessive fatigue,  the  power  in  that  particular  movement  should  be  tested  and 
then  retested  after  several  minutes  of  rest.  At  the  same  time,  the  appearance 
of  muscle  weakness  elsewhere  is  noted  as  the  apjiearance,  or  worsening,  of 
ptosis.  Any  muscle  or  group  of  muscles  suspected  of  being  weak,  by  history  or 
examination,  may  be  exercised.  The  application  of  tests  for  muscle  fatigue  is 
particularly  im])ortant  in  suspected  myasthenic  syndromes. 

Deep  Tendon  Reflexes 

The  deep  tendon  reflexes  ( DTK's)  usually  tested  include  the  jaw,  pectoral, 
biceps,  triceps,  radial  and  ulnar  periosteal,  knee,  hamstring,  ankle,  and  pos- 
terior tibial.  Finger  and  toe  stretch  responses  are  similar  to  deep  tendon  reflexes. 
Pathologic  reactions  include  the  snout,  sucking  and  grasp  "reflexes"  and  ex- 
tensor toe  movements  in  response  to  stimulation  of  the  sole,  lateral  aspect  of 
the  foot  or  the  exertion  of  downward  pressure  on  the  anterior  tibial  group  of 
muscles  and  the  lower  part  of  the  calf  muscles.  Involuntary  leg  withdrawal 
from  noxious  stimulation  and  adductor-flexor  leg  spasms  are  also  pathologic. 

In  a  cerebral  or  spinal  cord  lesion,  the  deeji  tendon  reflexes  may  vary  from 
total  absence  to  hyperactivity  not  necessarily  depending  upon  the  acuteness  or 
chronicity  of  the  syndrome.  A  common  pattern  in  a  cerebral  lesion  is  a  de- 
crease of  reflexes  in  the  affected  arm  and  an  increase  in  the  ipsilateral  leg  or 
vice  versa. 

To  test  the  DTK's  in  the  arm,  sit  the  patient  at  the  bed  or  table  side  and  lift 
the  arms  with  elbows  flexed  by  holding  both  thuml)S  with  one  hand.  Tapping 
the  radial  border  of  the  wrist  results  in  flexion  at  the  elbow;  tapping  the  ulnar 
border  results  in  pronation.  Placing  the  arms  in  the  patient's  lap  at  rest,  the 
examiner  places  his  index  finger  on  the  biceps  tendon  and  taps  it,  noting  the 
activity  of  flexion  and/or  supination  of  the  forearm.  The  triceps  jerk  is  tested 
with  patient's  palms  on  his  thighs,  elbow\s  directed  outward,  and  tapping  the 
triceps  tendon  near  the  elbow  with  the  other  hand  on  the  triceps  muscle  to 
palpate  the  degree  of  contraction.  An  inverted  reflex  consists  of  movement  not 
ordinarily  associated  with  the  muscle  whose  tendon  is  being  stretched.  Thus, 
flexion  at  the  elbow  when  testing  the  triceps  jerk  represents  an  inverted  reflex. 
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In  the  writer's  opinion,  this  is  a  ceiiti'al  iihcnonicnoii  (Ictcriiiincd  at  the  coid 
U'vel,  cou|)k'(l  with  nerve  root  dysiunction  at  tiie  level  wiiioh  is  bein^  tested. 
Asynimetiy  and  hyperactivity  of  finger  stretch  reflexes  carry  the  same  con- 
notation as  for  deej)  tendon  I'eflexes.  The  jaw  jerks  may  be  tested  on  a  uni- 
lateral basis  to  determine  whether  asymmetry  of  response  is  present.  Placing 
the  index  finger  on  the  symphysis  of  the  jaws  in  the  midline  and  striking  the 
finger  elicits  a  summated  reflex  which  cannot  be  used  for  lateralizing  purposes. 

The  facial  reflex  is  obtained  by  i)lacing  the  index  finger  on  the  nasolabial 
fold,  exerting  pressure  and  striking  the  finger.  Facial  muscle  contraction  rep- 
i-esents  the  endpoint  and  hyperactivity  or  asymmetry  are  noted.  This  also  holds 
true  for  the  palmomental  reflex  which  is  obtained  by  scratching  the  thenar 
L'uiinence  or  the  palmar  surface  of  the  thumb,  noting  contraction  of  the  chin 
or  mental  muscle  on  the  ipsilateral  side. 

Ahnormal  Reflexes 

To  test  for  snouting,  place  a  tongue  blade  or  the  index  finger  vertically 
across  the  closed  mouth  and  strike  it  with  a  hammer.  Pursing  of  the  lips  in  a 
pouting  movement  constitutes  a  i)ositive  response  and  is  pathologic.  The  suck- 
ing response  is  obtained  by  placing  a  tongue  blade  between  the  li|)s  with  eyes 
closed  and  noting  whether  it  is  grasped  by  the  lips. 

To  test  foot  and  grasp  reflexes  the  exanfiner  places  four  fingers,  exclusive  of 
thumb,  on  the  palm  or  sole  and  draws  them  forward  slowly  toward  the  patient's 
finger  tips,  exerting  pressure  while  doing  so  and  increasing  the  pressure  as  he  ap- 
proaches the  fingertips.  If  present,  the  major  component  of  the  grasp  is  flexion 
of  the  distal  phalanges.  The  same  four  fingers  drawn  forward  on  the  sole  of 
the  foot  toward  the  toes  exerting  pressure  upon  apj^roaching  the  metatarsopha- 
langeal joints.  A  positive  response  consists  of  a  firm  grip  on  the  examiner's 
fingei-  tips  by  the  toes.  Even  a  moderately  positive  response  will  be  strong 
enough  to  enable  the  examiner  to  lift  the  leg  clear  of  the  bed  or  table. 

A  convenient  method  of  standardizing  the  plantar  response  test  is  to  use  a 
tuning  fork  with  sharp  square  prongs.  One  prong  is  placed  on  the  lateral  aspect 
of  the  dorsum,  the  other  against  the  lateral  aspect  of  the  sole  of  the  foot  and 
it  is  brought  forward  to  the  small  toe.  This  has  tlie  advantage  of  both  stand- 
ardization and  reinforcement.  Reinforced  stimulation  has  a  greater  probability 
of  eliciting  an  abnormal  plantar  response  than  does  a  single  stimulus.  The  fail- 
are  of  flexion  in  one  foot  when  the  opposite  toes  show  a  normal  flexor  response 
may  be  considered  to  be  as  significant  as  a  frank  extensor  response. 

By  and  large,  the  abdominal  cutaneous  reflexes  are  unnecessary  in  the  evalu- 
ation of  a  central  lesion  above  the  foramen  magnum.  Their  value  increases  in 
cord  problems  and  in  certain  peripheral  problems  related  to  spinal  roots.  In  the 
latter  instance,  the  reflexes  may  be  divided  into  three  levels,  notably  D8,  DIO, 
and  D12.  If  one  of  these  levels  is  deficient  in  producing  contraction  while  the 
others  are  active,  this  may  constitute  a  valuable  sign.  Each  of  these  segments 
should  be  stimulatetl  individually  by  drawing  a  sharp  instrument  across  the 
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abdominal  wall.  i^-occfiliiiL!;  medially  in  the  hoiizoiital  plane,  at  the  inf^a(•o^tal, 
umhilioal,  and  iliac  crct^t  levels. 

The  examinei-  should  test  reflexes  rei)etitively  in  order  to  determine  whether 
a  partictdar  reflex  is  readily  fatigued  out  of  context  with  the  remainder  of  the 
reflexes. 

The  described  methods  do  not  nt^cessarily  apply  when  the  patient  is  in  stujior 
or  coma.  Xevertheless,  certain  other  techni(iues  may  be  introduced  in  such  situa- 
tions. 

The  weak  liml)s  in  a  hennparesis  are  usually  more  flaccid  than  the  .stronger 
ones.  Flaccidity  is  generally  iirojiortionate  to  the  depth  of  depression  of  con- 
sciousness. To  test  for  this,  the  examiner  lifts  one  limb  with  one  hand  and  drops 
it  onto  the  other  hand,  held  approximately  one  or  two  feet  below.  If  the  limb 
drops  as  a  dead  weight,  without  resilience,  it  indicates  the  presence  of  flaccidity. 
The  legs  are  flexed  at  the  knees,  with  the  soles  resting  on  the  surface  of  the  bed 
and  knees  brought  into  apjiosition.  Then  the  legs  are  released.  The  flaccid  leg 
usually  deA'iates  otitward.  If  the  flaccidity  is  not  very  marked  but  weakness  is 
present  in  a  leg.  the  heel  may  slide  forward  at  a  faster  rate  than  the  stronger  leg. 
so  that  the  leg  resumes  the  sui:)ine  position  more  ciuickly.  If  hand  and/or  foot 
grasp  reflexes  are  present,  imilaterally  weaker  ones  occur  on  the  side  of  weakness. 

Provided  that  noxious  stimuli  are  perceived,  these  are  useful  in  determining 
power  during  withdi'awal  from  the  stimidus.  A  leg  may  be  tested  by  repetiti^■ely 
stimulating  the  sole  with  a  pin  with  one  hand  while  the  other  is  placed  on  the 
knee.  It  should  be  remembered.  howeA'er.  that  involuntary  withdrawal  may  be 
stronger  than  vohmtary  movement  in  spinal  cord  lesions.  In  the  comatose  or 
stuporous  i^atient.  it  should  be  observed  whether  one  leg  is  externally  rotated. 
This  suggests  weakness.  Sjiontaneous  arm  and  leg  activity  shoidd  be  observed. 
Less  movement  on  one  side  strongly  suggest  weakni-ss  therein.  The  lack  of  spon- 
taneity of  movement  also  a])plies  to  the  patient  who  is  awake. 

Patterns  of  Motor  Defect  in  Cerebral  Versus  Brainstem  or 
Spinal  Cord  Disease 

It  has  been  stressed  that  since  weakness  due  to  a  central  lesion  is  a  defect 
in  movement,  other  movement  deficits  will  be  present.  The  other  deficits  are 
those  of  dexterity,  rapid  and  fine  movements,  associated  movements,  abnormal 
synkinetic  movements,  or  failure  to  use  a  limb  spontaneously. 

The  pattern  of  movement  deficit  in  cerebral  lesions  is  often  similar  to  that 
from  a  brainstem  or  spinal  cord  lesion.  However,  as  a  rule,  brainstem  or  spinal 
cord  lesions  present  some  evidence  of  bilterality,  however  asymmetrical,  if 
movement  deficits  are  jiresent  at  all.  The  anatomic  level  of  the  lesion  is  tisually 
deternuned  ])y  collateral  signs.  Thus  the  examiner  attempts  to  find  the  level, 
whether  brainstem  or  sj^inal  cord,  by  determining  whether  motor  disturbance 
caused  bj^  cranial  motor  nerve  or  spinal  nerve  dysfunction  is  present.  This  is 
often  impossible  in  brainstem  lesions  so  that  nonmotor  signs  must  be  sought. 
It  should  be  stressed  that  when  motor  nerve  dysfunction  is  present  the  defect 
is  of  muscle  weakness  and  not  of  moA-ement. 
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Patterns  of  Motor  Defect  in  Spinal  Root  or  Peripheral  Nerve  Disease 

In  weakness  from  a  peripheral  lesion  the  disorder  is  that  of  muscle  and  not 
of  movement.  Therefore,  unless  a  muscle  or  group  of  muscles  is  sevei'cly  affected 
or  happens  to  be  in  a  functionally  strategic  position  for  a  given  moxciiicnt  there 
are  no  associated  movement  defects. 

It  is  important  to  attempt  a  grouping  of  involved  muscles  in  Icinis  of: 

1.  The  pattern  of  cranial  motor  nerve  defects 

2.  The  anatomic  relationship  of  the  cranial  motor  nerves  to  cerebial  hemi- 
sphere and/or  brainstem,  and 

3.  Peripherally,  the  relationship  of  involved  muscles  to  a  single  nerve  root, 
to  the  brachial  or  lumbosacral  plexus,  or  to  one  or  more  peri|)heral  nerves. 

Examples  of  Spinal  Root  Patterns 

Cervical  Roots.  Weakness  of  the  spinati  occurring  with  weakness  of  deltoid 
and  biceps  suggests  a  lesion  at  the  level  of  C5  which  is  the  common  denominator 
root  for  the  muscles  described. 

Biceps  weakness  grouped  with  weakness  of  the  deltoid,  triceps,  wrist  ex- 
tensors and  palmar  abduction  of  the  thumb,  indicates  that  the  lesion  is  at  C6. 
There  may  also  be  weakness  of  the  latissimus  dorsi,  serratus  magnus  and 
]iectoral  muscles.  Neither  the  biceps  nor  triceps  jerks  need  be  altered,  both  may 
l)e  slightly  decreased,  or  only  one  of  them  decreased,  but  it  is  apparent  that 
the  most  prominent  denominator  nerve  root  of  the  muscles  involved  is  C6.  A 
C7  lesion  will  usually  affect  all  the  muscles  described  under  the  heading  of  C6 
except  the  biceps  spinati  and  deltoid,  and  reflex  alteration  involves  the  triceps 
jerk,  and  not  the  biceps.  Palmar  abduction  of  the  thumb  is  an  important  function 
in  both  C6  and  C7  lesions.  In  C6  and  C7  lesions,  some  weakness  is  often  de- 
tected in  abduction  of  the  fingers.  However,  a  secondary  thoracic  outlet  syn- 
drome (anterior  scalene  syndrome)  is  a  frequent  accompaniment  of  more 
jiroximal  nerve  root  lesions.  Thus,  some  evidence  of  weakness  apparently  de- 
tei'mined  by  a  lesion  one  or  two  segments  below  the  highest  level  may  well  be 
due  to  secondary  effect  on  the  brachial  plexus. 

Combined  Spinal  Cord  and  Nerve  Root  Lesions.  With  combined  spinal 
cord  and  nerve  root  syndromes  a  more  or  less  i)recise  determination  of  the  root 
level  can  be  made.  The  nerve  root  level  is  absolute  and  changes  only  in  in- 
tensity whereas  the  spinal  cord  level  of  weakness  (and  sensory  changes)  is  an 
ascending  one,  as  the  lesion  exerts  a  progressive  effect.  Thus,  before  the  full 
pattern  is  in  evidence,  on  day  "x"  the  weakness  may  be  in  dorsiflexion  of  the 
feet  but  by  day  "y"  it  may  have  ascended  to  thigh  flexion  at  the  hip. 

Lumbosacral  Roots.  Muscle  grouping  described  for  the  arm  applies  equally 
to  the  leg.  In  a  lesion  at  L2  or  L3,  weakness  may  be  detected  of  iliopsoas  ac- 
tion in  flexing  the  thigh  on  the  hip,  quadriceps  femoris  in  extending  the  knee, 
the  adductor  group,  and  the  abductor  group.  The  reflex  involved  in  a  high  per- 
centage of  cases  is  the  knee  jerk  alone.  This  grouping  of  muscles  also  applies 
to  the  L4  nerve  root.  However,  since  the  L4  root  also  innervates  posterior 
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muscles  one  may  find  weakness  in  the  |2;lutei  and  hamstrings.  Likewise,  some 
dorsifiexor  toe  weakness  may  be  found  hut  it  shouhl  Ije  stressed  that  at  the 
L4  level,  the  L5  nerve  root  and,  in  some  instances,  the  SI  will  l)e  involved  as 
they  i^ass  this  level  in  the  sjjinal  canal.  In  fact,  in  the  usual  L4  nerve  root 
syndrome  it  is  very  common  to  find  major  evidence  of  involvement  at  this 
level  and  minor  evidence  of  involvement  of  both  the  L5  and  81  nerve  roots. 
Atroidiy  of  the  buttocks  may  be  noted  by  liavin*!;  the  ])atient  contract  the 
mucles  forcibly  while  the  examiner  inspects  and  palpates  them. 

Spinal  Root  Versus  Peripheral  Nerve  Lesion 

The  L5  level  presents  uniciue  i)roblems  in  differential  anatomic  diagnosis.  The 
effect  of  a  lesion  at  this  level  most  often  causes  weakness  of  dorsiflexion  of 
toes  and  foot.  Likewise,  weakness  of  eversion  and  inversion  may  be  present. 
Atrophy  of  the  peronei  and  anterior  tibial  compartment  muscles  is  an  important 
sign.  The  differential  anatomic  diagnosis  of  a  foot  drop  includes  not  only  an 
L5  nerve  root  or  peroneal  nerve  but  a  central  lesion  at  almost  any  level  from 
parasagittal  cerebral  to  the  spinal  cord.  To  distinguish  L5  root  and  peroneal 
nerve  from  a  central  process  other  motor  signs  are  sought  such  as;  increase  in 
tone,  weakness  of  plantar  flexor  movement,  increased  deep  tendon  reflexes,  gait 
peculiarity,  faulty  rapid  movements  (depending  upon  the  degree  of  weakness), 
the  presence  of  better  synkinetic  than  isolated  movement  in  foot  dorsiflexion, 
the  jilantar  response,  and  the  jiresence  or  absence  of  any  movement  deficit 
in  thigh  flexion.  As  a  rule  of  thumb,  atrophy  usually  indicates  that  a  pe- 
ripheral jiroblem  is  present  although  parietal  lobe  lesions  may  be  associated  with 
atrophy.  To  distinguish  an  L5  root  lesion  from  a  peroneal  nerve  disorder  note  that 
the  peroneal  nerve  problem  will  cause  weakness  of  dorsiflexion  and  eversion 
but  none  in  inversion  or  plantar  flexion.  Commonly,  the  peroneal  nerve  disorder 
is  acute  in  onset,  occurs  with  weight  loss,  in  knee  crossers,  and  in  a  setting  of 
alcohol  or  sedative  intake. 

Peripheral  Nerve  and  Myogenic  Lesions 

Perii)heral  nerve  lesions  are  usually  geographically  symmetrical  but  not 
necessarily  symmetrical  in  degree.  The  weakness  usually  starts  in  the  leg 
distally.  Dorsiflcxor  weakness  may  be  relatively  severe  while  plantar  flexion 
remains  strong.  Excluding  sensory  comjilaints  and  findings,  it  is  (a)  the  geo- 
graphical symmetry,  (b)  the  peripheral  location,  and  (cl  the  fact  that  the 
weakness  cannot  be  linked  to  a  single  spinal  nerve  root  that  indicate  that  the 
lesion  is  in  a  peripheral  nerve.  Sympathetic  motor  disturbances  in  the  nature 
of  sweat,  color,  temperature,  skin,  and  hair  distribution  abnormality  are  rela- 
tively late  in  appearance.  Pi'oximal  muscle  weakness  due  to  peripheral  neu- 
ropathy also  occurs  but  when  it  does,  and  is  jiurely  neurogenic,  it  is  usually 
abrupt  in  onset.  The  writer  feels  that  this  is  the  key  factor  in  distinguishing 
the  purely  neurogenic  proximal  muscle  weakness  from  that  which  is  myogenic. 
At  a  stage  of  moderate  weakness  reflexes  are  likely  to  be  preserved  in  a  myo- 
genic process  and  decreased  to  absent  in  a  neurogenic  one. 
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In  a  situation  wlici'c  cither  a  pci'iphci'al  nci'vc  oi'  a  nci'\'c  I'oot  appears  to  1)0 
the  cause  of  muscle  weakness  in  a  sinf!;le  limb,  such  as  the  arm,  there  can  be 
no  substitute  for  a  detailed  nuiscle  function  test.  Those  muscles  responsible  for 
finger  movement  must  be  carefully  tested.  The  C8  root  is  common  to  both 
median  and  ulnar  nerve.  Therefore,  barring  anomalous  total  control  by  one 
nerve  oi'  the  othei',  weakness  of  flexion  of  all  distal  i)halanges  (excluding  the 
thunibl  would  indicate  the  presence  of  a  C8  lesion  whereas  weakness  only  in 
the  radial  two  fingers  suggests  a  median  nerve  lesion  and  weakness  present  only 
in  the  ulnar  two  fingers  indicates  an  ulnar  nerve  lesion. 

Geographically  symmetrical  weakness  of  proximal  muscles  incori)oratcs  the 
prol)leni  of  a  purely  myogenic  disorder  in  the  differential  diagnosis.  As  indicated, 
reflexes  are  relatively  ])reserved  in  contrast  to  a  neurogenic  condition.  All 
proximal  muscles  must  be  carefully  tested,  however,  including  extension  and 
flexion  of  the  neck  and  the  testing  of  pelvic  muscles  by  having  the  patient 
attempt  to  rise  quickly  from  a  squatting  position.  The  pattern  of  gait  may  also 
differ  with  a  bilateral  circumducted  pelvic  movement  present  ("duck  wad- 
dling") in  contrast  to  the  unilateral  circumduction  seen  in  a  cerebral  hemi- 
spheric lesion.  In  all  cases  of  suspected  muscle  disorder,  the  muscles  are 
palpated  for  their  consistency.  The  presence  of  a  muscle  disorder  does  not 
exclude  a  concomitant  neurogenic  one  as  in  heredofamilial  disease,  as  a  secondary 
effect  of  cancer,  or  as  an  expression  of  diffuse  vascular  disease. 
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Examination  of  oyt*  movements  is  usually  pcrfoimed  in  the  course  of  testing 
the  cranial  nerves.  Eye  moA'ements  are  mediated  by  the  ni'r\-es  III  (oculomotor) , 
IV  (trochlear),  and  VI  (abducens).  While  this  is  anatomically  true,  it  is  im- 
portant to  consider  both  eyes  as  a  functioning  imit  which  moves  together  in  a 
conjugate  fashion.  Normal  eye  movements  ai'e  conjugate  and  influenced  by  a 
variety  of  factors  which  are  not  purely  "oculomotor."  Some  of  these  are  vision, 
vestibular  function  and  general  facial  motility.  Thus,  abnormal  eye  movements 
may  at  times  reflect  primary  visual  diflficulties  (blindness  or  amblyoi)ia),  dis- 
orders of  the  labyrinth  or  of  its  connections  or  even  a  facial  j^alsy.  Even  though 
we  speak  here  of  examination  of  the  oculomotor  function,  eye  movements  should 
always  be  considered  in  the  larger  context  and  esi:)ecially  together  with  vision 
and  with  the  vestibular  functions. 

Neuroanatomical  Background 

A  few  basic  neuroanatomical  facts  are  essential  for  the  proper  understanding 
of  oculomotor  dysfunctions.  Conjugate  movement  of  both  eyes  in  one  lateral 
direction  depends  upon  impulses  descending  from  the  contralateral  cerebral 
hemisphere,  e.g.,  the  right  side  of  the  cerebrum  is  primarily  responsible  for 
moving  both  eyes  to  the  left.  However,  these  impulses  are  influenced  by  vestibu- 
lar and  probably  some  other  sul)cortical  systems.  In  a  conscious  patient,  eye 
deviations  are  influenced  by  cerebral  and  vestibular  systems  which  project  upon 
the  brainstem  and  the  cranial  nerve  nuclei  III,  IV,  VI. 

The  abducens  (VI)  nucleus  and  nerve  activate  the  lateral  rectus  muscle 
which  when  contracted  pulls  the  eye  to  the  ipsilateral  side.  The  trochlear  (IV) 
nucleus  innervates  the  superior  oblique  muscle  of  the  opposite  eye  and  when 
primarily  activated  produces  a  downward  displacement  of  the  eyeball  with  some 
degree  of  rotation — clockwise  in  the  right  eye  and  counterclockwise  in  the  left 
eye.  The  trochlear  rootlets  cross  before  leaving  the  brainstem.  The  trochlear 
action  cannot  be  seen  or  tested  under  the  normal  circumstances  and  may  become 
apparent  only  in  cases  of  oculomotor  (III  nerve)  j>aralysis.  The  oculomotor 
(III)  nerve  innervates  the  remaining  muscles:  the  medial  rectus  which  moves 
the  eye  primarily  in,  superior  rectus  (upward  movement),  inferior  oblique  (up- 
ward movement  with  some  rotation ) ,  and  inferior  rectus  (downward  movement ) . 
The  levator  palpebrae  lifts  the  eyelid  and  is  also  innervated  by  the  oculomotor 
nerve.  On  the  other  hand  eye  closure  is  accomplished  by  the  orbicularis  oculi 
muscle  controlled  by  the  fibres  of  the  facial  (VII)  nerve.  Conjugate  eye  devia- 
tion in  any  direction  involves  a  complex  interaction  of  several  muscles,  inner- 
vated by  at  least  two  nerves  at  any  time. 

Supported  by  U.S.P.H.S.  Resoarch  Grant  ?^NB— 00294. 
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The  oculoiuotoi'  nerve  also  participates  in  controllinp;  the  i)ui)illary  constric- 
tion and  dilatation.  Sympathetic  (dilatation)  and  pai'asyiii|)atlu'tic  (constric- 
tion I  effects  also  influence  this  function. 

The  History 

Patient's  complaints  whether  spontaneous  or  elicited  ]irovide  an  important 
clue  to  possible  eye-movement  abnormalities.  History  of  diplopia  })oints  usually 
to  some  incoordination  of  movement  of  the  two  eyes.  This  may  be  due  to  recent 
involvement  of  an  ocular  muscle  or  nerve  and  root.  It  is  usually  present  only 
when  both  ej'es  are  open  and  will  be  most  pronounced  when  the  i^atient  is  look- 
ing in  the  direction  which  requires  contraction  of  the  jniralyzed  or  weak  muscle. 
Monocular  diplopia  on  the  other  hand  is  often  due  to  lesions  of  the  visual  system 
(rather  than  oculomotor)  or  of  the  eye  media.  In  some  patients  further  question- 
ing will  reveal  that  their  double  vision  is  actually  a  blurring  of  vision  or  oscil- 
loi)sia  (sensation  of  objects  jumping  in  front  of  the  eyes)  in  the  vertical  or 
horizontal  plane.  This  usually  persists  even  when  one  eye  is  covered  and  is  most 
often  secondary  to  a  recently  acquired  nystagmus  and  not  to  a  nerve-muscle 
paralysis.  A  comi)laint  of  "dizziness"  can  at  times  be  traced  to  some  degree  of 
strabismus. 

The  Examination 

The  actual  examination  of  eye  movements  may  be  divided  into  the  following 
parts : 

1.  Eye  position  and  movements  at  rest 

2.  Eye  movements  on  command 

3.  Eye  movements  on  pursuit 

4.  Eye  movements  upon  passive  head  movements 

5.  Pupillary  reactions 

6.  Fundus  examination 

7.  Special  bedside  tests 

Eye  Position  and  Movements  at  Rest 

Looking  at  the  patient  one  observes  the  position  of  the  eyes  at  rest  as  well  as 
voluntary  movements  to  either  side.  The  position  of  the  eyes  relative  to  the 
head  should  be  noted  (are  they  in  the  center  or  do  they  tend  to  deviate  to  one 
side  more  than  to  the  other).  The  position  of  the  head  may  indicate  an  oculo- 
motor dysfunction  e.g.  the  head  may  tilt  with  brainstem  lesion  or  in  patients 
with  some  strabismus.  The  size  of  the  palpebral  fissures  may  hint  at  some  degree 
of  ptosis  (III  nerve  lesions)  or  levator  palpebrae  weakness  associated  with  pri- 
mary muscle  disease  or  pseudoptosis  as  seen  in  Horner's  syndrome.  Greater 
than  usual  size  of  the  palpebral  fissure  may  indicate  proptosis  or  lid  retraction 
which  provides  a  clue  of  brainstem  dysfunction  or  at  times  facial  (VII)  weak- 
ness on  that  side.  Finally,  gross  nystagmus  on  direct  forward  gaze  may  be  ap- 
parent. This  is  often  congenital  and  of  unknown  cause  but  at  times  may  be 
secondary  to  brainstem  disease.  Blinking  should  be  noted.  Its  paucity  will  indi- 
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catc  oxtraiiyraiiiiilal  dysfunctitin  while  con.-^tant  l)linkinp;  may  \)v  associated 
with  tics  whose  cause  is  in  the  great  majority  of  cases  uiidetermineil. 

Eye  Movements  on  Command 

The  i)atient  is  instiucted  to  perforin  a  series  of  movements  in  the  order  of  the 
examiner's  choosing.  These  are  usually  "Look  straight  ahead"  followed  by 
"Look  to  your  right."  "Look  to  your  left."  and  then  "Look  up  and  down".  It  is  of 
some  importance  to  get  the  patient  to  initiate  each  movement  from  the  midline 
and  to  retiu'n  to  the  midline  before  the  next  connnand  is  given.  Normally  an 
individual  will  have  no  difficulty  in  i)erforming  any  of  these  tasks  but  fre- 
ciuently  a  head  movement  will  accomjiany  the  ocular  deviation.  If  this  happens, 
it  is  still  normal  for  the  eye  movement  to  precede  the  head  deviation  by  a  frac- 
tion of  a  second.  Further  instructions  may  be  given,  e.g.,  "Move  your  eyes 
only  and  not  the  head".  Some  normal  individuals  will  complain  of  discomfort 
wher  looking  upward  and  will  not  be  able  to  sustain  ujiward  gaze.  The  ob- 
server will  notice  whether  the  eyes  move  conjugately  or  whether  there  is  some 
dissociation  between  the  two  eyes  or  inability  to  move  the  eyes  in  any  direction. 

Pursuit  Movements 

These  eye  movements  are  essentially  the  same  as  movements  "on  command" 
but  the  patient  is  given  an  object  (usually  the  examiner's  finger)  to  fixate,  which 
he  follows  with  his  eyes.  The  same  seciuence  is  observed  as  in  testing  for  eye 
movements  on  command.  Generally  speaking,  pursuit  movements  are  easier 
to  perform  and  at  times  patients  who  cannot  move  their  eyes  well  on  command 
will  show  a  normal  or  near  normal  eye  excursion  when  given  a  target  to  look  at. 
It  has  been  said  that  this  kind  of  dissociation  gives  a  clue  to  the  location  of  the 
lesion — cerebral  in  cases  of  defects  of  voluntary  gaze  only  and  "subcortical"  in 
cases  when  even  fixation  cannot  bring  the  eyes  to  a  given  point.  This  is  generally 
not  true;  the  defect  in  pursuit  movements  indicates  simply  a  greater  degree  of 
dysfunction.  In  many  patients  one  can  follow  the  evolution  of  this  deficit  with 
inability  to  move  the  eyes  on  command  appearing  first,  followed  by  inability  to 
follow  an  object,  when  the  disease  process  progresses,  and  finally  absence  of 
movement  on  the  oculocephalic  maneuver  (see  below).  Similarly  in  i)atients 
whose  neurologic  status  is  improving  (after  "strokes"  or  following  radiation  of 
intracranial  neoplasms)  the  reverse  sequence  may  be  seen.  The  oculocephalic 
reflex  returns,  followed  by  jnirsuit  movement,  and  finally  by  eye  movement  on 
command.  The  direction  of  conjugate  gaze  deficit  is  an  important  clinical 
finding.  Paresis  of  gaze  occurs  in  the  direction  opposite  to  the  lesion  in  cerebral 
and  upi^er  midbrain  disease.  Paresis  is  ipsilateral  in  lesion  of  lower  midbrain  and 
pons. 

Both  the  excursion  and  the  ([uality  of  pursuit  movement  are  important.  The 
eyes  should  move  all  the  way  to  the  outer  and  inner  canthi  respectively.  Some 
degree  of  "terminal"  nystagmus  in  extreme  deviation  is  to  be  expected  and  is  of 
no  clinical  significance  when  the  target  is  in  the  monocular  field  (of  the  abducting 
eye) . 


EXAMINATION  OF  EYE  MOVEMENTS 


239 


( )co;ision;illy  the  puisuit  iiiovciiicnts  are  .saccadic  or  nyytagnioid  in  nature. 
This  may  be  patholof^ical,  e.g.,  in  patients  with  extrapyramidal  disease  and  an 
(•(|uivalent  of  cogwhccling.  In  some  individuals  an  optokinetic  effect  is  created 
when  following  an  object  but  this  ceases  in  latei'al  deviation  when  the  target  is 
stationary.  Nystagmus  of  clinical  significance  will  persist  for  several  seconds 
after  the  deviation  has  been  completed.  Monocular  nystagmus  is  always  signifi- 
cant. It  is  often  associated  with  a  defect  in  adduction  of  the  other  eye  as  in 
cases  of  median  longitudinal  fasciculus  lesion  syndromes.  Vertical  nystagmus 
(fast  comi)onent  ujiward  or  downward)  is  always  of  clinical  significance. 

Reaction  to  Passive  Head  Movements 

The  patient  is  instructed  to  look  straight  ahead  or  to  look  at  a  stationary 
object  while  the  examiner  holds  his  head  from  behind.  The  head  is  then  moved 
consecutiA'ely  in  all  directions.  Normally,  a  passive  head  movement  to  the  right 
results  in  an  initial  deviation  of  the  eyes  to  the  left  foculo-cephalic  reflex),  fol- 
lowed by  a  rather  [prompt  recentering.  Subsequently  the  head  is  moved  to  the 
left  (eyes  should  deviate  to  the  right),  down  (eyes  up),  and  up  (eyes  down). 
Failure  of  the  eyes  to  move  in  a  gixen  dii'cction  usually  indicates  a  rather  severe 
degree  of  oculomotor  dysfunction  (gaze  i)aresis)  in  that  direction  (V.S.).  This 
test  is  of  particular  significance  in  ])atients  with  impaired  states  of  consciousness 
(see  chapter  on  "The  Evaluation  of  the  unconscious  patient"). 

Pupillary  Reactions 

Normal  pupils  are  round  and  t'([ual.  A  very  slight  degree  of  diameter  asym- 
metry (1  mm)  is  sometimes  seen  and  may  be  congenital  or  secondary  to  uneven 
illumination  of  the  two  eyes.  Such  slight  asymmetries  should  be  disregarded. 
Distortion  of  the  shape  of  the  pupil  is  often  secondary  to  previous  surgery  or 
trauma;  this  can  be  easily  ascertained.  Brainstem  disease,  especially  in  the 
region  of  midbrain  and  pretectum  is  at  times  associated  with  abnormal  shajx" 
of  the  pupil,  e.g.,  elliptical,  oval,  or  simply  irregular  i)upils. 

When  a  bright  light  is  flashed  into  one  eye,  both  pupils  should  contract.  This 
is  known  as  respectively  the  direct  and  consensual  reflex  to  light.  Failure  of  the 
illuminated  eye  to  constrict  with  preservation  of  consensual  response  indicates 
a  defect  in  the  motor  mechanism  (III  nerve)  on  the  side  stimulated.  Absence  of 
constriction  on  either  side  is  usually  due  to  a  lesion  of  the  optic  nerve  or  retina 
on  the  side  stimulated  (provided  no  cycloplegic  di'ugs  were  used  prior  to  the 
examination) . 

While  testing  the  pupillary  I'esponse  to  light  one  should  pay  attention  to  other 
factors  which  may  mask  a  defective  response.  Thus,  if  the  patient  blinks,  the 
pupils  will  constrict  even  though  there  is  no  response  to  light.  Pupillary  con- 
striction is  an  integral  part  of  the  blink  response.  Ocular  convergence  and  accom- 
modation are  also  accompanied  by  constriction.  The  patient  should  be  ordered 
to  fixate  at  a  distance  when  the  light  reflex  is  tested. 

Testing  the  pupils  for  reaction  to  accommodation  and  in  convergence  one 
asks  the  patient  to  look  at  an  object  several  meters  away  and  then  to  shift  his 
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gaze  onto  the  rxaiiiiner's  fingei'  jjlaccd  about  20  cm  in  front  of  his  nose  or  to 
look  at  something  lie  could  see  at  a  near  point.  This  maneuver  is  repeated  several 
times.  The  inijiils  should  show  a  distinct  dilatation  on  distant  and  a  constiiction 
on  near  vision. 

The  preservation  of  i)upillary  constriction  on  convergence  and  acconuiioda- 
tion  and  lack  of  constriction  on  light  stimulation  is  strongly  suggestive  of  dis- 
ease of  the  pretectum  as,  e.g.,  with  tumors  in  that  area  or  CNS  syphilis.  Slow 
constriction  of  \m\n\  on  attempted  convergence  or  slow  constriction  in  bright 
illumination  or  dilatation  in  darkness  is  characteristic  of  a  myotonic  pupil.  This 
phenomenon  forms  part  of  Adie's  syndrome,  associated  with  absent  deep  tendon 
reflexes,  and  is  of  unknown  etiology.  x\ll  patients  with  an  apparent  loss  of 
pupillary  reaction  to  light  should  be  placed  in  a  dark  room.  Normally  pupils 
dilate  rapidly  in  darkness.  Similarly,  pharmacological  agents  may  be  used  to 
determine  further  the  nature  of  pupillary  abnormality.  This  should  never  be 
done  in  jiatients  with  acute  intracranial  disease  since  the  test  may  mask  ab- 
normal pupillary  changes  which  are  of  great  clinical  importance.  In  a  rare 
patient  the  apparently  nonreacti\T  inijiil  will  constrict  after  ])rolonged  light 
stimulation. 

Fundus  Examination 

Ins])ection  of  the  eye  grounds  is  part  of  the  examination  of  visual  function. 
Its  s]iecial  significance  in  the  context  of  eye  movements  lies  in  the  fact  that  at 
times  fine  oscillations  or  nystagmoid  jerks  of  the  disc  may  be  seen  even  though 
on  gross  inspection  of  the  eyes  nystagmus  was  not  apparent.  Such  oscillations 
may  be  easier  to  see  with  the  patient  fixating  at  a  distance.  The  direction  of 
the  fast  and  slow  components  will  appear  reversed  because  of  the  negative  image 
seen. 

Special  Tests  for  Oculomotor  Function 

Various  simple  tests  are  available  to  extend  the  ol)servation  of  eye  movements. 

Forced  Eye  Closure 

The  patient  is  asked  to  shut  his  eyes  firmly  against  resistance.  The  eyeballs 
will  normally  roll  upwards  and  often  outwards.  The  response  is  usually  fleeting 
and  the  eyes  return  to  the  midline  as  soon  as  the  active  resistance  ceases.  In 
some  patients  with  lateralized  brain  lesions  the  eyes  will  often,  but  not  invaria- 
bly, deviate  to  the  side  of  hemiplegia  even  though  ^•oluntary  movement  in  that 
direction  may  be  absent. 

In  patients  with  a  peripheral  facial  weakness  ie.g.  Bell's  palsy  I  one  eye  is 
often  seen  to  move  ujnvard  from  time  to  time.  This  is  a  normal  jihenomenon  and 
not  a  manifestation  of  dissociated  gaze.  The  inability  to  close  the  eye  on  the 
weak  side  renders  the  normal  upward  eye  rolling  upon  attempted  eye  closure 
very  prominent  and  may  be  misleading. 
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Optokinetic  nystagmus  ((>K!\) 

This  is  a  iioi'iiial  pliciioniciHin  I  I'ailioad  nyslajiiiius  I  and  easily  elicited.  'I'lie 
l)atient  is  asked  to  look  at  a  regular  tape  measure  whieli  the  examiner  moves  in 
front  of  his  eyes  from  left  to  right,  then  right  to  left,  and  finally  up  and  down. 
Other  stimuli  such  as  alternating  strips  of  white  and  black  cloth  or  child's  color 
beads  may  be  used.  With  tape  it  is  sometimes  useful  to  instruct  the  patient  to 
read  every  number  aloud.  Normal  response  consists  of  fairly  regular  nystagmus 
with  the  fast  component  in  the  direction  from  which  the  tape  is  approaching.  Re- 
sponse should  be  fairly  symmetrical  in  horizontal  and  vertical  meridians.  It  is 
quite  prominent  in  children  and  young  adults  and  lesser  in  older  age  grou[)s. 
Absence  of  optokinetic  response  in  one  horizontal  direction  usually  correlates 
with  an  oculomotor  deficit  in  the  same  direction  and  is  most  likely  to  be  due  to 
a  lesion  in  the  pontine  or  ventral  mesencephalic  tegmentum  of  the  same  side 
or  to  a  deep  cerebral  or  upper  midbrain  lesions  of  the  opposite  side.  Loss  of  OKN 
and  an  homonymous  heiuianopia  are  not  too  well  roi'i'elated  exce]:)t  in  cases  of 
lesions  deep  in  the  brain. 

Loss  of  OKN  in  all  directions  may  be  due  to  impaired  states  of  consciousness, 
inability  of  the  patient  to  coojierate  because  of  severe  mental  changes,  and  also 
to  drug  intoxication.  Variable  degrees  of  defect  in  the  vertical  plane  are  seen  in 
old  age  and  with  brainstem  lesions  or  bilateral  cerebral  lesions. 

Tests  for  Diplopia  and  Strabismus 

These  are  too  numerous  to  consider  here  but  an  examination  utilizing  a  red 
glass  and  a  flashlight  will  usually  be  satisfactory  to  identify  the  weak  ocular 
muscles  responsible  for  diplopia.  The  principle  rests  on  identification  of  the 
real  and  false  images  with  the  help  of  the  red  glass. 

In  rare  ]')atients  diplopia  will  be  present  only  on  distant  vision  and  not  when 
the  patient  is  fixating  on  a  near  object.  This  is  the  syndrome  of  paralysis  of 
divergence,  attributed  to  a  lesion  of  the  central  grey  matter  of  the  midbrain.  No 
actual  muscle  weakness  can  be  demonstrated. 

Positional  Phenomena 

In  many  j)atients  changes  in  the  jiosition  of  the  head  will  bring  out  nystagnuis 
not  otherwise  apparent  or  will  emphasize  and  even  alter  preexisting  nystagmus. 
For  details  of  such  testing  see  chapter  on  "The  Examination  of  Vestibulo-Oculo- 
motor  Function."  Positional  nystagmus  may  occur  with  both  posterior  fossa 
and  peripheral  labyrinthine  lesions.  Sudden  onset  of  nystagmus,  often  associated 
with  vertigo,  may  be  observed  upon  changing  the  body  position  from  horizontal 
to  vertical  and  vice  versa.  Both  these  effects  may  be  seen  in  patients  with  intra- 
cranial s])ace  occupying  lesions  (presumably  due  to  mechanical  factors  such  as 
changes  in  intracranial  pressure  and  brainstem  compression)  or  with  postural 
hypotension.  Nystagmus  upon  head  turning  may  be  also  due  to  interference  with 
circulation  in  the  major  neck  vessels  and  secondary  transient  brainstem  ischemia. 

Frenzel  Lenses 

See  chapter  on  "The  Examination  of  Vestibulo-Oculomotor  Function.'' 
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Periodic  Phenomena 

In  .some  ])ati('nts  in'olonged  oh.scrvation  will  I'cvoal  cyclic  changes  in  eye 
movements.  The  eyes  may  show  a  forced  deviation  to  the  right  which  shifts  to 
left  and  back  to  right  every  ninety  seconds.  Prolonged  observation  may  also 
reveal  transient  manifestations  such  as  "lightning  eye  movements,"  see-saw 
nystagmus,  convergent  or  retractory  nystagmus  which  may  not  be  apparent  at 
all  times.  All  the  above  are  symptoms  of  severe  brainstem  dysfunction.  A 
fortunate  observer  may  at  times  witness  a  forced  eye  deviation  which  is  a  part 
of  a  convulsive  seizure.  This  will  usually  localize  the  responsible  le.sion  to  the 
opposite  cerebral  hemisphere. 

SUMIMARY 

Careful  examination  of  eye  movements  may  jjrovide  the  examiner  with  a 
wealth  of  clinical  information  and  in  many  instances  wall  actually  localize  the 
lesion.  This  is  esjieciully  true  of  lirainstem  lesions.  But  one  should  again  empha- 
size that  eye  movements  shoidd  always  be  analyzed  and  interpreted  in  the 
proper  context  of  the  total  nevu'ological  picture. 
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BERNAin)  COHEN,  M.D. 
New  York,  N.Y. 

The  clinicnl  vestibulo-oculoiuotor  examination  is  particularly  useful  in  the 
(liagnosif;  of  disease  of  the  brainstem,  eerebellmn,  or  inner  ear  and  in  the  differ- 
ential diagnosis  of  vertigo.  It  is  based  on  testing  the  vestibular  receptors,  the 
semicircular  canals  and  the  saccule  and  utricle.  The  semicircular  canals  will 
be  considei-ed  fii-st. 

Physiology  of  the  Semicircular  Canals 

The  semicircular  canals  sense  angular  acceleration  of  the  head.  They  are 
fluid-filled  tubes  which  lie  in  precise  arrangement  in  each  temporal  bone.  When 
the  head  is  tipped  forward  so  that  the  line  between  the  inferior  orbital  ridge 
and  the  external  auditory  meatus  is  30°  below  the  horizontal  plane  then  the 
lateral  semicircular  canals  are  approximately  horizontal.  In  this  position  side 
to  side  head  movement  or  rotation  in  a  turning  chair  will  excite  primarily  the 
lateral  canals.  The  anterior  and  posterior  canals  are  perpendicular  to  the  lateral 
canals  and  form  angles  of  45°  and  135°  with  the  midsagittal  plane  of  the  head 
(Fig.  1).  Both  lateral  canals  or  one  anterior  canal  and  the  contralateral  pos- 
terior canal  lie  in  parallel  planes  on  each  side  of  the  head. 

When  the  head  moves,  the  fluid  in  the  semicircular  canals,  the  endolymjih, 
tends  to  remain  behind  because  of  its  inertia.  This  endolymj^h  movement  bends 
the  cupula  and  hair  cells  which  project  into  the  canal  producing  changes  in 
the  discharge  of  the  semicircular  canal  nerves.  Movement  of  the  hair  cells  in 
one  direction  increases  the  firing  rate  in  these  nerves  while  movement  in  the 
opposite  direction  decreases  it.  During  angular  acceleration  the  fluid  in  both 
canals  in  the  same  plane  on  the  opposite  sides  of  the  head  reacts  simultaneously 
but  oppositely.  Both  canals  act  synergistically  to  produce  compensatory  eye 
and  postural  movements  which  help  maintain  equilibrium  and  the  gaze  angle 
in  space.  Activation  of  a  single  canal  is  sufficient,  however,  to  induce  active 
eye  movements.  Eye  movements  from  the  individual  semicircular  canals  in  the 
monkey  are  shown  in  Figure  2.  These  are  similar  to  those  which  would  occur  in 
humans. 

Technique  of  Caloric  Testing 

Clinically  the  most  convenient  test  of  semicircular  canal  function  is  the 
caloric  test.  By  application  of  heat  or  cold  to  the  canal  wall  convection  cur- 
I'ents  are  induced.  These  currents  pi'oduce  deflection  of  the  cupula  and  hair 
cells  and  are  associated  with  active  eye  and  postural  movements,  a  sensation 
of  vertigo,  and  autonomic  activation  which  may  include  nausea,  vomiting, 
tachycardia  and  sweating. 

Supported  by  U.S.P.H.S.  Research  Grant  ^NB— 00294. 
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Lateral  canal  function  is  usually  tested  during  the  caloric  examination.  For 
this  the  head  is  tipped  hack  so  that  the  line  hetween  the  infraoi-hital  ridge  and 
the  external  auditoiy  meatus  is  (>()"  above  the  horizontal  plane  (Fig.  3).  Then 


Anterior  canal 


Lateral  canal 


Posterior  canal 


Cochlea 

LEFT  LABYRINTH  (Side  view) 


Fig.  1.  Diagrammatic  representa- 
tion of  the  labyrinth,  side  view 
(upper)  and  top  view  (lower). 
Each  of  the  canals  is  parallel  or 
pcr])en(licular  to  the  others  and 
botli  lalcral  canals  or  on(^  an1(>rior 
and  the  contralateral  posterior 
canal  lie  in  paralh^l  ]ilaii(  s.  Tin 
enlargement  in  each  .semiciicniar 
canal  is  the  ampulla  and  houso 
the  receptor.  The  saccule  and 
utricle  lie  in  the  central  vestibule 
connecting  tiie  three  canals  and  the 
cochlea  IS  .■Ulterior  to  flieni. 


LABYRINTHS  (  From  above  ) 


Fig.  2.  Eye  moNcments  induced  in  the  mon- 
key hy  electric  stimulation  of  the  left  anterior 
canal  (.V).  left  lateral  canal  (B),  and  left 
posterior  (C)  canal  nerves.  These  movements 
are  similar  to  tho.se  which  would  occur  in  man. 
The  first  cro.ss  shows  the  jxjsition  of  the  eyes 
at  thi'  lieginning  of  stimulation  and  the  second 
ci  ii.->  I  lie  eyes  at  the  end  of  stimulation.  The 
arrows  indicate  the  direction  of  movement. 
When  the  1,'iteral  canal  is  electrically  stimulated 
the  eves  iiio\  (-  horizontally  in  the  same  plane 
as  during  nystagmus  induced  by  hot  oi'  cold 
caloric  stimulation  with  the  head  back. 


(3^ 
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the  lateral  canal  is  vertical  and  heat  or  cold  are  most  effective  in  jiroducing 
movement  of  the  endolymph.  Cooling  may  be  induced  in  several  ways:  Several 
drops  of  alcohol  may  be  instilled  into  the  external  auditory  canal  and  evaporated 
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with  ;i  jot  of  air.  More  often  watei'  below  the  body  tcniperiiture  is  used.  Ten  ce  of 
water  at  room  temperature  are  delivered  over  a  ten  second  i)eriod  and  the  in- 
duced rye  m()\'(iiients,  sensation,  and  body  postui'al  changes  are  ()bsei-\-ed.  If 
the  caloi'i(^  response  is  markedly  dej)ressed  oi'  absent  then  a  continuous  (low  of 
ice  water  for  three  minutes  will  help  detei'mine  whether  any  lateral  canal  func- 
tion is  jtresent.  Heating  is  usually  produced  by  douchinjj;  the  external  auditoi-y 
canal  with  wat(>r  above  the  body  I empcrat ui-e.  coiumoidy  at  44°C.  The  cxtei'nal 


Line  through  Inferior  Orbital  Ridge 
and  External  Auditory  Meatus 

Plane  of  Lateral  Canal 


Fio.  3.  The  posilicin  of  the  head  during  caloric  testing  which  niaxiniize.'^  the  lateral  canal 
response.  The  lii  uil  is  placed  .so  that  the  hne  between  the  oxlrrnal  aiuUtory  meatus  and 
the  inferior  oibilal  iidgc  is  :ii>proxiniately  30°  from  the  vertical.  Then  the  latcnal  canal 
is  approximately  \ertical  and  hot  or  cold  water  introduced  against  the  drum  i<  most 
effective  in  in'oducing  horizontal  nystagmus. 


canals  should  be  free  of  cerumen  during  caloric  testing  and  the  drums  should 
be  examined  first  for  the  jiresence  or  ab.sence  of  perforation.  Cooled  or  heated 
sterile  saline  may  be  used  if  the  drum  is  perforated. 

Soon  after  hot  or  cold  water  is  injected  into  the  external  ear,  active  jerky 
nystagnuis  is  induced.  The  eyes  move  slowly  toward  one  side  and  quickly 
toward  the  other.  By  general  agreement  the  direction  of  nystagmus  is  usually 
indicated  by  the  direction  of  the  quick  |)hase.  Nystagmus  induced  by  caloric 
stimulation  is  observed  for  direction  and  \  igorousness  of  response.  The  presence 
or  absence  of  vertiginous  sensation  should  be  noted  and  iiast-pointing  can  be 
dctei-mined.  With  cold  caloric  stimulation  the  direction  of  the  quick  phase  of 
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the  induced  nystagmus  is  contralateral  and  with  hot  calorics  it  is  ipsilatcral 
to  the  stimulated  side.  Vertical  nystagmus  can  be  intluced  by  bilateral  simul- 
taneous hot  or  cold  caloric  stimuli  with  the  head  upright.  With  hot  calorics 
the  quick  phase  of  the  nystagmus  is  up  and  with  cold  calorics  it  is  down. 

Interpretation  of  Results  of  Caloric  Tests 

If  the  reaction  to  both  hot  and  cold  caloric  stimuli  is  decreased  in  one  ear, 
then  the  pathologic  process  probably  involves  the  jieripheral  labyrinth  or  the 
eighth  cranial  nerve  on  that  side.  In  contrast,  if  nystagmus  in  one  direction 
is  depressed,  i.e.,  if  nystagmus  induced  by  cold  caloric  stimulation  of  one  ear 
and  hot  of  the  other  is  less  active  than  the  converse,  there  may  be  a  central 
lesion.  If  the  lesion  is  central  it  is  ipsilateral  if  l)elow  the  oculomotor  decussa- 
tion and  contralateral  if  above  it.  The  oculomotor  decussation  is  at  the  level 
of  the  thii'd  nerve  nucleus.  Electric  stimulation  al)0ve  the  decussation  causes  the 
eyes  to  move  contralaterally  and  lesions  jtioduce  paresis  of  contralateral  gaze. 


Fig.  4.  Frenzel  glasses,  seen  from  the  patient's  point  of  view.  High  diopter  lenses  prevent 
fixation  and  the  bulbs  permit  observation  of  the  ej^es  while  the  patient  is  wearing  the 
gla.sse.s. 

Below  the  decussation  the  effects  of  stimulation  and  lesions  are  ipsilateral.  For 
details  of  the  central  oculomotor  system  see  Chapters  2-4  in  The  Oenlomotor 
System,  P.  B.  Hoeber,  1964. 

Mixtures  of  central  and  jierijiheral  disease  arc  not  uncommon  particularly 
with  neoplasms  in  the  region  of  the  eighth  nerve.  In  this  case  the  caloric  re- 
sponse will  frequently  be  absent  on  the  affected  side  and  a  characteristic  type 
of  gaze  nystagmus  is  present.  When  the  patient  looks  toward  the  side  of  the 
lesion,  the  nystagmus  is  coarse  while  on  gaze  to  the  oj^posite  side  fine  beats  of 
nystagmus  are  observed.  This  type  of  nystagmus  is  most  commonly  seen  with 
tumors  of  the  eighth  ner\-e  (acoustic  neurinomas!  and  is  not  jiroduced  by 
peripheral  disease  alone. 

Frenzel  Glasses 

It  is  a  freciuent  finding  that  spontaneous  gaze  nystagmus  or  nystagmus  in- 
duced by  vestibular  testing  may  be  markedly  suppressed  or  absent  during 
visual  fixation  Init  may  be  striking  when  fixation  is  abolished.  Thus  observa- 
tion of  eye  movements  is  greatly  aided  by  the  use  of  Frenzel  spectacles  (Fig. 
4).  These  have  high  positive  lenses  of  twenty  dioi)ters  with  a  small  light  at 
each  external  canthus.  They  may  be  readily  obtained  commercially.  When 


VESTIBULO-OCULOMOTOR  FUNCTION 


247 


they  arc  in  j)lac('  the  i)ationt's  eyes  ai)i)caf  ina<>;iiific(l  to  the  observer  whih'  the 
patient  cannot  clearly  see  objects  more  than  a  few  inches  away.  With  Fi'cnzel 
spectacles  weaker  caloric  stimuli  (i.e.,  water  closer  to  body  temi)eratui-e)  can 
be  used  which  i)i'o(luce  only  a  weak  sensation  of  vertigo  and  little  or  no  nausea. 


MEDIAN  SAGITTAL  PLANE 
I 
I 


Fio.  5.  Diagram  of  tlie  orientation  of  the  utricular  and  .saccular  maculae.  Reprinted  with 
permission  from  E.  F.  Miller  II,  Acta  Otolaryngologica  54:  479-501,  1962. 

Frenzel  spectacles  are  particularly  valuable  in  examining  for  the  presence  of 
nystagmus  during  head  position  or  positioning  tests. 

Physiology  of  the  Utricle  and  Saccule 

The  otolith  organs,  the  utricle  and  the  saccule,  which  sense  static  head  posi- 
tion and  linear  acceleration  of  the  head,  are  horizontally  and  vertically  ori- 
ented, respectively  (Fig.  5).  (There  is  controversy  about  the  function  of  the 
saccules  but  evidence  points  to  their  involvement  in  positional  and  positioning 
responses.  For  the  purposes  of  this  discussion  they  will  be  considered  together 
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with  the  utricles.)  The  otolith  receptors  are  comjiosed  of  hair  cells  which  ht[vv 
crystals  of  calcium  carbonate  fixed  to  their  tips.  The  calcium  carbonate  crystals 
react  to  gravity  or  linear  acceleration  and  bend  the  macular  hair  cells.  This 
changes  the  resting  discharge  in  the  utricular  or  saccular  nerves.  Tilting  the 
head  toward  one  side  induces  an  increase  in  the  resting  discharge  in  the  utric- 
ular nerve  on  that  side  and  a  decrease  in  the  discharge  of  the  nerve  on  the 
opposite  side.  When  the  utricles  or  saccules  are  stimulated  by  a  static  head 


Fig.  6.  Diagrammatic  representation  of  the  counter-rolling  eye  movements  induced 
by  head  position  changes,  in  the  rabbit.  The  cross  is  fixed  to  the  cornea  and  shows  that 
the  position  of  the  eye  tends  to  remain  stationary  in  .space  despite  changes  in  the  position 
of  the  head.  \\'hf'n  the  .snout  is  rai.^ed  the  eyes  roll  forward  and  when  it  is  lowered,  they 
roll  back.  Tipi)ing  the  head  to  the  left  causes  the  left  eye  to  roll  up  and  the  right  eye  to 
roll  down.  The  converse  is  seen  when  the  head  is  tipped  to  the  right. 

position  or  by  the  act  of  head  positioning,  compensatory  or  counter-rolling 
eye  movements  are  produced.  For  example,  when  the  head  is  tipped  to  the  left, 
the  eyes  tend  to  move  to  the  right  and  when  the  head  is  tipped  forward  the 
eyes  tend  to  roll  up.  These  movements  are  particularly,  strong  in  the  rabbit 
(Fig.  6).  Counter-rolling  is  weak  or  nystagmus  may  be  induced  if  the  utricle 
or  its  nerve  on  the  lowered  side  is  diseased. 

Technique  of  Testing  the  Otolith  Organs 

Since  positional  and  i)ositioning  eye  movements  are  most  effectively  seen  when 
fixation  is  abolished,  testing  is  usually  performed  with  Frcnzel  spectacles.  After 
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ohsri'vation  t'oi'  8i)ont;uu'ous  nyi^tu^iiius  on  direct  I'orwurd  ^azc  I  lie  patient's 
head  is  slowly  moved  into  various  positions.  The  eyes  aic  observcui  with  the 
head  tipped  to  the  right,  to  the  left,  backward,  and  forward.  Adequate  time  is 
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allowed  ni  each  position  for  nystagmus  to  develop  (from  3U  seconds  to  one 
minute) .  The  direction  and  appearance  of  nystagmus  and  the  presence  of  ver- 
tigo is  recorded  (Fig.  7|.  The  patient  is  then  moved  into  the  right  lateral,  left 
lateral,  and  supine  positions,  followed  by  the  head  hanging  positions  with  the 
right  ear,  crown,  and  left  ear  down  (Fig.  8) . 
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Positioning  tests  are  i)ert'ornie(l  by  moving  the  i)atient  in  a  firm  but  rajjid 
fashion  from  a  sitting  position  witli  the  head  tii)i)ed  forward  to  a  supine  posi- 
tion with  the  head  hanging  back.  The  head  hanging  positions  are  particularly 
valual)le  for  eliciting  nystagmus  and  vertigo.  Frequently  nystagmus  will  be 
induced  and  a  patient's  comjilaints  of  vertigo  verified  only  when  the  head  is 
down.  The  patient  should  l)e  tested  several  times  in  each  of  the  head  hanging 
positions,  that  is,  with  the  left  ear  down,  the  right  ear  down,  and  the  head 
straight  back  with  the  crown  down. 

Interpretation  of  Positional  and  Positioning  Tests 

There  is  still  controversy  about  the  interjjretation  of  the  results  of  head 
l)osition  and  positioning  tests.  In  general,  however,  when  horizontal  rotatory 


nystagmus  is  elicited  in  only  one  position,  e.g.,  with  one  side  down,  when  the  di- 
rection of  the  nystagmus  does  not  change  in  other  head  positions,  and  when 
vertical  nystagmus  is  absent,  then  it  is  likely  that  peripheral  disease  of  one 
labyrinth  or  eighth  nerve  is  present.  Usually  the  disease  is  on  the  side  which 
produced  nystagmus  when  depressed.  On  the  other  hand,  vertical  nystagmus 
and  direction-changing  nystagmus  suggest  central  disease.  Direction-changing 
nystagmus  is  nystagmus  which  is  in  one  direction  with  the  head  tipped  to  one 
side  and  in  the  other  direction  with  the  head  tipped  to  the  opposite  side.  Findings 
from  each  part  of  the  examination  as  w-ell  as  from  the  general  neurological  ex- 
amination are  correlated.  Diagnosis  is  made  from  a  pattern  of  flysf unction,  not 
from  a  single  finding. 

Differentiation  of  disease  of  the  labyrinth  or  eighth  nerve  from  disease  of 
the  central  oculomotor  system  is  also  aided  by  examination  of  optokinetic 
nystagmus.  This  is  tested  simply  at  the  bedside  by  the  use  of  an  ordinary 


Fig.  8.  Head  hanging  position, 
valuable  in  testing  for  presence  of 
positional  or  positioning  nvstag- 
mus.  The  head  is  straight  back  with 
the  crown  down.  Two  other  head 
hanging  positions  are  of  value : 
head  hanging  with  the  left  ear 
down,  and  head  hanging  with  the 
right  ear  down. 
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VKSTinrLO-OCT'LOMOTOR  KTNCTION 


251 


tape  measure.  For  details  of  this  teohni([U('  and  iiit crpi-ct at  ion  of  results  see 
"The  Examination  of  Eyi'  Moxcnients." 

Postural  Tests 

Postural  re.si)onses  during  caloric  testin<i;  niay  also  he  of  some  \  ;due  in  local- 
izing the  side  of  disease  process.  These  may  l)e  elicited  by  tandem  walking, 
past-pointing,  walking  with  eyes  closed,  oi'  the  stepi)ing  test.  In  the  ste|)ping 
test  the  patient  marches  in  ])lace  with  his  hands  out.stretched  and  his  eyes 
closed.  Normal  individuals  will  not  veer  significantly  to  either  side  while  pa- 
tients with  disease  of  one  lal)yrinth  or  tlu'  brainstem  on  that  side  will  usually 
stagger  or  move  toward  the  diseased  side.  Postural  testing  is  also  of  value  in 
diagnosing  disease  of  the  otolith  organs.  The  patient  is  i:)laced  on  a  tilting 
board  with  eyes  open  and  closed  and  tiltctl  to  either  side.  Postural  compensa- 
tion will  be  significantly  less  when  he  is  tilted  with  the  diseased  side  down. 

Electronystagmography 

In  this  bi'ief  description  ([uantitative  testing  has  not  been  mentione(l.  Dura- 
tion of  the  caloric  resjionse  and  the  numbei'  of  beats  during  ten  .seconds  of  the 
most  vigorous  resjionse  are  two  of  the  simplest  parameters  to  measure.  Elec- 
tronystagmography also  greatly  increases  the  jiower  of  the  examination  and 
should  be  used  wherever  possible.  This  involves  electrical  recording  of  the  eye 
movements  induced  by  vestibular  and  optokinetic  .stinudation.  ^Measurements 
are  then  easily  made  of  eye  velocity  dui'ing  the  slow  and  fast  phases  of  in- 
duced and  sjiontaneous  nystagmus  and  of  the  frequency  and  amplitude  of 
nystagmic  beats.  Excellent  reviews  on  electronystagmograjihy  and  eye  move- 
ment disorders  are  to  be  found  in  the  Acta  Otolaryngologica,  Supplements  129, 
1956;  137,  1958;  189,  1964,  and  in  Chapter  19  of  The  Oculomotor  Systein.  P.  B. 
Hoeber,  1964. 


I'lie  Evaluation  of  the  Unconscious  Patient 

LNCLLDING  OCL'LO-CEPHALIC  AND  VESTIBULO-GCULAR  TESTING 

.MORTON  XATHAXSOX.  M.D..  AX])  PHILIP  S.  HKKOMAX.  .M.D. 

Xew  York.  A  M'. 

PART  I.  GENERAL  AND  NEUROLOGIC  EXAMINATION 
The  History 

In  evaluatinji;  the  unconscious  |)atient  the  physician  is  at  a  disadvantage 
inasnuich  as  he  cannot  obtain  valuable  information  ordinarily  available  from 
the  mental  and  sensory  examinations.  Of  course,  he  must  obtain  a  careful  his- 
toiy.  lor  this  is  by  far  the  most  important  part  of  any  neurological  examina- 
tion, i^articularly  so  with  the  unconscious  jjatient.  Unfortunately,  in  many 
instances  when  a  patient  is  admitted  to  the  emergency  room  the  history  is  not 
a\  ailal)le.  When  relatives  or  other  informants  can  relate  the  story  which  led 
to  the  episode  of  loss  of  consciousness  they  should  be  asked  whether  the  pa- 
tient: ll  used  drugs  (alcohol,  narcotics,  tranquilizers,  anticoagulants),  2)  had 
a  mental  illness  (difficulty  in  sleeping,  crying  spells,  feelings  of  depression  or 
agitation,  suicidal  ideas  or  attempts,  previous  hospitalizations  for  mental  ill- 
ness, psychiatric  treatment),  3)  had  an  injury,  particularly  to  the  head,  re- 
cently or  in  the  jiast,  4)  had  seizures  or  other  types  of  loss  of  consciousness 
("fainting  spells,"  "blackouts"),  5)  had  a  history  of  previous  medical  and 
neiu'ologic  illnesses  (heart  disease,  hypertension,  kidney  disease,  diabetes,  al- 
lergies, previous  "strokes")  or  6)  was  exposed  to  occupational  hazards  such 
as  fumes,  sprays  or  chemicals.  In  addition  to  the  medical,  a  detailed  social 
history  should  be  obtained.  As  a  rule,  it  is  difficult  to  obtahi  a  complete  his- 
tory when  the  relatives  or  friemds  are  concerned  about  the  patient's  state  of 
consciousness  but,  nonetheless,  attempts  should  be  made  to  obtain  as  many 
facts  as  possible. 

In  general  almost  forty  per  cent  of  the  patients  admitted  for  altered  states  of 
consciousness  have  excessive  alcoholic  or  drug  intake.  The  most  common  drug 
is  barbiturate.  Other  drugs  such  as  anticoagulants  may  produce  loss  of  con- 
sciousness indirectly  as  a  re.sult  of  intracranial  (cerebral  or  subdm-al)  bleeding. 
Insulin  and  other  hypoglycemic  drugs  have  been  respon.sible  for  a  significant 
number  of  unconscious  states  in  people  whose  diabetic  condition  is  not  con- 
trolled i)roi)erly  through  neglect  or  intercurrent  illnesses. 

In  patients  admitted  with  obvious  injury  to  the  head,  one  should  not  readily 
assume  that  this  is  the  cause  of  the  unconscious  state  since  the  head  injury 
may  be  only  .secondary  to  vertigo,  syncope,  or  seizures,  and  therefore  infor- 
mation as  to  the  patient's  state  of  health  just  prior  to  the  loss  of  consciousness 
is  essential. 

Siippoitf  d  by  r..^.P.H..S.  Research  Grant  i^XB— 05221. 
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Inspection  and  General  Examination 

Careful  inspection  of  the  patient  and  his  belongings  may  give  significant 
clues  as  to  etiology.  An  obvious  physical  sign  should  not  divert  the  examiner 
from  making  an  overall  inspection.  A  search  of  the  patient's  clothes  may  un- 
cover a  card  stating  that  he  has  diabetes  or  epilepsy.  At  times,  appointment 
cards  for  medical  clinics  may  be  found  among  the  patient's  belongings.  At 
other  times  empty  or  partially  empty  bottles  may  contain  drugs.  The  condi- 
tion of  the  patient's  clothes  may  suggest  a  struggle  or  assault.  All  clothes 
should  be  removed  and  a  careful  inspection  of  the  patient's  head,  limbs,  and 
trunk  should  be  made.  Lacerations,  ecchymotic  areas  and  abrasions  should  be 
noted.  The  scalp  should  be  palpated  carefully.  At  times  the  only  clue  that  the 
patient  received  a  head  injury  may  be  a  greenish-yellow  discoloration  in  the 
mastoid  region  commonly  associated  with  a  fracture  at  the  base  of  the  skull. 
Careful  examination  of  the  mouth,  throat,  nose  and  ears  should  be  made  for 
evidence  of  blood  or  infection.  The  color  of  the  skin  and  conjunctiva  should 
be  noted.  Carbon  monoxide  poisoning  frequently  produces  a  cherry-red  ap- 
pearance to  the  lips.  Jaundiced  skin  and  conjunctiva  may  be  the  reflection  of 
liver  disease  with  a  bleeding  tendency.  Severe  dryness  and  j^allor  of  the  skin 
with  evidence  of  a  loss  of  scalp  hair  may  suggest  hypopituitarism.  Multiple 
ecchymotic  areas  should  make  one  think  of  a  blood  dyscrasia  as  well  as 
trauma.  Petechiae  may  be  seen  with  infection  and  blood  dyscrasias.  Cyanosis 
may  be  related  to  laryngospasm  or  other  mechanical  factors  involving  the  re- 
spiratory system.  The  skin  should  also  be  examined  carefully  for  the  injection 
marks  characteristic  of  narcotics  addicts  and  diabetics.  Odor  of  the  breath 
may  give  clues  as  to  alcohol,  uremia,  and  diabetic  acidosis.  The  character  and 
rate  of  respirations  should  be  noted  along  with  pulse  and  heart  sounds. 

The  abdomen  should  be  examined  as  to  distention,  rigidity,  and  response  to 
palpation.  Not  infrequently  a  mass  is  palpable,  or  an  apparently  large  liver 
and  spleen  are  detected  that  may  be  significant  as  to  etiology.  The  overall 
attitude  of  the  body  should  be  noted.  This  includes  the  relationship  of  the  limbs 
and  head  to  the  trunk.  The  position  of  rigid  extension  of  the  limbs  and  retrac- 
tion of  the  head  may  be  seen  with  severe  infections  of  the  nervous  system  and 
with  subarachnoid  hemorrhage.  Many  cases  of  subarachnoid  bleeding  do  not 
have  meningeal  signs  in  the  first  twenty-four  to  forty-eight  hours. 

Neurologic  Examination 

While  it  niiglit  seem  that  in  the  unconscious  patient  a  complete  or  adequate 
neurologic  examination  is  not  possible,  careful  observation  of  the  response  to 
usual  neurologic  tests  and  the  employment  of  special  bedside  tests  frequently 
reveal  significant  information. 

The  following  information  is  based  on  the  experience  of  the  neurology  staff 
of  The  Mount  Sinai  Hospital  over  a  fifteen-year  period.  Observations  were 
made  on  (A)  Patients  without  neurologic  disorders  who  were  rendered  un- 
conscious by  intravenous  barbiturates,  anesthetic  agents,  electro-convulsive 
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I icatiuciit ,  and  paticnt-s  adinitti'd  in  coma  as  a  result  of  drug  overdose,  or 
cerebral  anoxia;  (B)  patients  admitted  in  coma  from  other  causes,  e.g.,  occlu- 
sion of  major  vessels  to  brain,  intracranial  cerebral  and  suliarachnoid  hemor- 
rhage, trauma,  infections,  neoplasia  and  postictal  states. 

Funduscopic  Examination 

Group  A.  In  grouji  A  we  were  not  able  to  detect  significant  change  with 
respect  to  the  optic  discs,  the  vessels,  or  the  color  of  the  retina;  the  fundi  were 
examined  in  only  about  twenty-five  per  cent  of  the  patients.  In  drug  intoxi- 
cation during  stupor  or  recovery  stage  of  coma  one  may  observe  retinal  nys- 
tagmus. 

Group  B.  In  group  B  the  funduscopic  examination  proved  to  be  of  great 
value  as  to  etiology  but  of  no  value  in  determining  the  state  of  unconsciousness. 
It  is  obvious  that  such  findings  as  papilledema,  with  or  without  hemorrhages, 
and  retinal  hemorrhages  and  exudates  indicate  that  one  is  dealing  with  pa- 
thology such  as  mass  hemorrhage,  infection,  or  malignant  hypertension  among 
others.  Occasionally  certain  drugs  such  as  quinine  will  produce  spasm  and 
blanching  of  the  arteries.  We  have  seen  a  patient  where  one  retina  revealed 
a  blurred  optic  disc  with  several  hemorrhages,  and  following  recovery  from 
coma,  visual  field  testing  showed  a  large  central  scotoma  indicating  an  optic 
neuritis  rather  than  papilledema.  Gross  retinal  and  jire-retinal  hemorrhages 
have  been  seen  in  two  cases  of  lead  poisoning. 

Pupils 

Group  A.  In  general,  the  pupillary  light  reflex  was  lost  only  in  the  deepest 
stages  of  unconsciousness.  This  was  noted  primarily  in  patients  with  barbitu- 
rate poisoning  without  previous  history  or  other  evidence  of  neurologic  disease 
and  in  ]iatients  undergoing  general  anesthesia  (comparable  to  second  plane, 
third  stage)  for  elective  surgery.  In  all  the  cases  where  deep  barbiturate  sleep 
was  induced  the  pupils  still  constricted  to  light.  In  all  patients,  except  in  three 
instances,  no  significant  pupillary  inequality  was  observed.  In  the  three  cases 
where  it  was  observed,  there  was  a  history  of  previous  trauma  to  that  eye,  al- 
though we  were  not  completely  satisfied  with  this  explanation.  Hippus  was 
observed  in  approximately  twenty  per  cent  of  the  cases  in  early  stages  of  in- 
duced unconsciousness.  In  no  case  of  this  group  was  there  unilateral  pupillary 
fixation  to  light.  In  cases  of  Doriden  or  similar  drug  poisoning  the  pupils  may 
be  dilated.  In  cases  of  shock  where  Aramine  or  other  adrenaline  substances  are 
used  to  maintain  blood  pressure  the  pupils  may  be  dilated.  In  cases  of  anoxia 
the  pupils  may  be  dilated  and  fixed.  Of  course,  in  late  stages  of  intoxication 
just  before  death  pupils  are  most  often  dilated  and  fixed. 

Group  B.  The  failure  of  both  pupils  to  constrict  to  light  was  frequently 
found  in  the  deepest  stages  of  unconsciousness.  However,  where  there  was  bi- 
lateral absence  of  pupillary  resi)onse  to  light  associated  with  other  signs  indi- 
cating that  the  patient  was  in  a  relatively  light  stage  of  unconsciousness,  brain- 
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stem  i);it holo<i;y  was  suspected  and  coiiliniu'd  in  two  cases  that  siilisc(|iiciit ly 
came  to  autoi)sy.  In  six  other  cases  additional  ociihir  signs  pointing  to  brain- 
stem involvement  were  also  present.  A  unilaterally  fixed  pupil  associated  with 
outward  deviation  of  the  eye,  with  or  without  ptosis  of  the  eyelid,  usually  in- 
dicated third  nerve  damage.  This  resulted  from  either  ])eriphcral  or  brainstem 
pathology,  frequently  secondary  to  a  supratentorial  lesion.  In  four  instances 
this  represented  third  nerve  compression  by  an  aneurysm.  A  unilateral  dilated 
pupil  not  responding  to  light  did  not  always  indicate  the  side  of  the  lesion.  In 
three  cases  of  [iroved  subdural  hematoma,  the  hematoma  was  found  on  the 
side  opposite  to  the  dilated,  fixed  pupil.  Bilaterally  fixed  pupils  in  an  uncon- 
scious patient  may  represent  blindness  from  an  already  existing  pituitary  tu- 
mor or  a  pre-existing  luetic  infection.  A  frequent  finding  in  relation  to  pupil- 
lary size  was  the  fluctuating  and  alternating  inequality  of  the  pupils  over 
time.  This  has  been  responsible  for  much  anxiety  to  those  with  relatively  little 
experience  with  unconscious  patients  because  of  the  fear  of  a  developing  epi- 
dural hematoma.  In  our  experience,  one  pupil  must  become  progressively  fully 
dilated  and  fixed  to  be  of  significance  in  terms  of  subseciuent  management. 
Small  pupils  (pin  point)  with  or  without  excursions  to  light,  may  be  seen 
with  codeine  or  morphine  poisoning  or  occasionally  transiently  with  brainstem 
pathology.  Dilated,  fixed  pupils  may  be  found  in  cerebral  and  brainstem 
trauma,  or  in  late  stages  of  intracerebral  or  subarachnoid  bleeding. 

Eyelid  Tone  and  Closure 

Group  A.  Eyelid  tone  is  tested  by  passively  raising  the  lid  and  observing  its 
fall  Inick  into  place.  The  lid  reflex  can  be  elicited  by  cjuickly  flicking  the  eye- 
lash. In  all  the  cases  of  unconsciousness  induced  by  drugs  or  anesthetic  agents, 
when  the  ])atient  no  longer  responded  to  auditory  stimuli  nor  could  be  aroused 
by  painful  cutaneous  stimuli,  the  eyelids  began  to  take  on  a  doughy  tone  so 
that  when  the  lids  were  passively  raised  they  would  fall  back  very  slowly.  This 
seemed  to  coincide  with  the  loss  of  the  eyelash  flicker  reflex.  In  deeper  stages 
of  induced  sleep  or  in  patients  with  barbiturate  poisoning  or  deep  stages  of 
anesthesia,  the  doughy  tone  of  the  eyelids  was  very  apparent,  and  in  many 
cases,  by  raising  the  eyelids  passively  the  eyelids  w'ould  stay  open  at  least 
partially.  This  may  be  significant  insofar  as  so-called  "coma  vigil"  is  con- 
cerned, where  the  patient  in  a  comatose  state  seems  to  be  looking  at  a  point 
in  his  environment.  Also,  one  lid  can  be  passively  closed  and  remain  partially 
closed  and  the  other  lid  passively  made  to  stay  jjartially  open.  This  w^ould  give 
the  impression  of  a  unilateral  ptosis.  Early  in  induced  unconsciousness,  re- 
sistance to  passive  eye  opening  was  observed  in  over  fifty  percent  of  the  cases. 
This  resistance  to  passive  eyelid  opening  is  often  thought  of  as  indicating  a 
psychogenic  disorder.  We  found  that  not  to  be  a  very  reliable  sign. 

Group  B.  The  doughy  eyelid  with  little  tone  associated  with  an  absent  eye- 
lash flicker  reflex  was  commonly  observed  in  the  deeper  states  of  coma.  Uni- 
lateral eyelids  ptosis  was  only  considered  to  be  true  ptosis  if  there  was  a  dif- 
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feirncc  in  tone  and  behavior  from  the  other  eyelid.  Thi.s  was  seen  in  patients 
with  aneurysm  and  associated  third  nerve  invoh'emcnt  and  could  be  detected 
I'eadily  in  the  early  stages  of  unconsciousness.  However,  in  the  deep  stages  of 
unconsciousness  no  definite  statement  could  be  made  from  the  reaction  of  the 
eyelids  alone.  The  patient  in  coma  with  eyes  open  and  seemingly  looking  at 
the  environment  is  frequently  referred  to  as  being  in  "coma  vigil."  As  was 
mentioned  before,  in  many  patients  in  deep  coma  the  eyelids  may  be  passively 
opened  or  closed.  "Coma  vigil"  is  simjily  a  descriptive  entity  and  in  our  opin- 
ion does  not  have  anatomic  or  etiologic  significance.  We  encountered  four  pa- 
tients considered  to  be  in  "coma  vigil"  since  the  eyes  were  open  and  there  were 
no  movements  of  the  face  and  limbs  and  absent  corneal  reflexes.  However, 
when  the  patients  were  asked:  "H  you  hear  me  close  your  eyes,"  there  was  an 
immediate  and  definite  response  of  eye  closure  revealing  that  the  patient  was 
not  unconscious  but  suffered  from  a  severe  brainstem  lesion  with  paralysis 
from  the  face  down.  Subsequently,  contact  could  be  made  with  the  patient  by 
arranging  a  "yes  and  no"  system  related  to  eye  closure.  Although  they  are 
I'elatively  rare  occurrences,  every  time  that  it  is  vaguely  possible  that  the  pa- 
tient may  still  be  in  contact,  such  questioning  should  be  carried  out.  In  some 
cases  the  eyes  are  open  and  there  is  spontaneous  movement  of  the  eyelids  but 
the  patient  is  otherwise  motionless  (excejit  for  reflex  movement  of  a  limb) 
and  mute.  This  syndrome  is  usually  found  in  diffuse  l)rain  dysfunction. 

Ocular  Position  and  Ocular  Movements 

(wroiip  A.  Early  in  induced  unconscious  states,  we  found  no  definite  pattern 
as  to  the  jjosition  of  the  eyes.  The  instant  that  the  eyelids  were  passively 
opened,  the  eyes  were  in  the  position  of  partial  upward  gaze  and  slightly  di- 
verted but  immediately  drojiped  to  the  mid-position  and  began  wandering  from 
side  to  side  with  or  without  slight  dysconjugation.  With  barbiturate  induced 
unconsciousness,  horizontal  nystagmus  is  frequently  observed.  This  nystagmus 
can  be  elicited  consistently  prior  to  the  patient's  lapse  into  sleep.  As  the  un- 
conscious state  is  deepened  with  the  administration  of  more  barbiturates,  less 
and  less  wandering  or  roving  movements  are  noted.  The  eyes  gradually  begin 
to  fall  into  or  near  the  mid-position  so  that  in  most  cases  of  barbiturate  poi- 
soning or  in  deej")  anesthesia,  the  eyes  are  found  in  the  mid-j^osition  with  slight 
divergence.  Whether  the  eyes  are  fixed  in  the  mid-position  at  this  stage  can 
best  be  determined  by  the  oculocephalic  reflex  and  caloric  stimulation.  In  one 
instance,  a  pre-existing  phoria  icsulted  in  one  eye's  remaining  deviated  upward 
and  outward.  This  was  noted  jirior  to  the  barbiturates  and  became  more  a])- 
])ai'cnt  during  administration  of  the  drug. 

(wroiip  B.  The  eyes  of  the  patients  in  the  deepest  stages  of  coma,  no  matter 
what  the  etiology,  were  found  to  be  in  or  near  the  mid-position  with  slight 
divergence.  In  one  instance,  a  patient  followed  for  thirty  days  in  such  a  state 
showed  a  change  from  the  mid-jiosition  to  downward  gaze  several  days  prior 
to  exi)iration.  This  patient  had  a  basilar  artery  occlusion  pro^•ed  on  post  mor- 
tem examination.  In  other  stages  of  imconsciou.sness  the  eyes  may  be  in  skew 
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deviation,  tonic  deviation  lo  one  side  or  tlic  other,  or  at  tiities  tonic  deviation 
of  one  eye  and  at  otlier  times  the  other  eye  .suggesting  the  syndrome  of  the 
median  longitudinal  faseiculus.  Tonic  deviation  of  the  eyes  to  one  side  as  the 
only  sign  is  difficult  to  evaluate.  It  is  seen  commonly  following  a  one  sided 
convulsion  on  tlic  side  opposite  the  deviation  and  may  indicate  a  large  unilateral 
cerebral  lesion.  Tonic  deviation  of  the  eyes  may  represent  a  subclinical  seizure  in 
progress.  Deviations  of  the  eyes  in  the  vertical  plane  may  represent  bilateral 
brain.stem  involvement.  The  best  methods  of  eliciting  ocular  movements  in  the 
unconscious  individual  are  the  oculocephalic  maneuver  and  caloric  stimulation. 

Corneal  Reflex 

Group  A.  The  corneal  reflex  was  cjuite  unreliable  as  a  measurement  of  un- 
conscious states  since  this  reflex  was  absent  in  early  stages  of  unconsciousness 
in  about  forty  per  cent  of  the  patients  and  varied  as  to  the  time  of  its  dis- 
appearance in  the  remainder.  In  addition,  it  is  well  known  that  in  cases  of 
hysteria  or  catatonia  this  reflex  may  be  absent.  In  subjects  under  hypnosis, 
the  corneal  reflex  was  eliminated  very  readily  by  suggestion.  In  the  deepest 
stages  of  unconsciousness,  the  corneal  reflex  disappeared  along  with  many  of 
the  other  reflexes.  Unequal  corneal  responses  were  found  in  about  ten  per  cent 
of  the  cases  for  which  we  had  no  adequate  explanation. 

Group  B.  Here  again,  the  corneal  reflex  showed  no  consistent  pattern  and 
gave  no  predictability  as  to  depth  or  stage  of  unconsciousness  since  it  often 
disappeared  early.  Unilaterally  absent  corneal  response  may  be  of  lateralizing 
significance  in  early  phases  of  unconsciousness  and  is  occasionally  seen  with 
associated  hemiplegia  on  the  same  side. 

Noxious  Stimuli 

Group  A.  The  simultaneous  stimulation  with  noxious  stimuli  (jnn  prick)  of 
homologous  parts  of  the  body,  usually  the  soles  of  both  feet  and  palms  of  both 
hands,  is  one  of  the  most  helpful  methods  of  comparing  the  behavior  of  one 
side  to  the  other.  It  is  one  of  the  most  effective  ways  of  eliciting  a  unilateral 
defect,  whether  motor  or  sensory,  in  the  unconscious  patient.  In  Group  A  double 
simultaneous  pin  ])i-ick  stimulation  of  the  feet  and  hands  elicited  approximately 
equal  withdrawal  in  all  cases.  In  the  deepest  states  of  unconsciousness  as  in 
barbiturate  poisoning  and  deep  anesthesia,  seventy  per  cent  no  longer  responded 
with  any  movements  and  the  remaining  thirty  per  cent  showed  slight  reflex 
withdrawal  of  one  or  both  limbs.  Other  types  of  noxious  stimuli  such  as  supra- 
orbital pressure,  pressure  exerted  between  both  jaws,  strong  pressure  on  the 
sternum,  loud  noises  and  pungent  odors  were  also  utilized.  It  was  found  that 
with  a  loud  noise  stimulus  the  response  would  disappear  relatively  early  in 
induced  unconscious  states.  Pungent  odors  and  other  olfactory  stimuli,  such 
as  amyl  nitrite  and  ammonia,  produced  a  withdrawal  response  up  until  rather 
late  in  unconsciousness  in  the  few  patients  so  tested.  Supra-orbital,  jaw,  and 
sternal  pressure  varied  in  producing  responses.  For  the  most  part,  some  sort 
of  withdrawal  movement  or  facial  grimace  persisted  until  deep  sleep  in  the 
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cases  of  inchiced  l)ai-i)itviratc  unconsciousness  and  was  found  to  be  absent  in 
ninety  per  cent  of  the  barbiturate  poisonings  and  patients  under  general  anes- 
thesia. Noxious  stiniuU  did  not  ehcit  decerebrate  phenomena  in  any  of  the 
cases  of  the  group. 

Group  B.  The  method  of  double  simultaneous  noxious  stimulation  proved 
very  fruitful  in  eliciting  laterality  in  almost  all  of  the  cases  subsequently  shown 
to  have  unilateral  cerebral  lesion  or  a  discrete  brainstem  lesion.  In  one  case, 
double  simultaneous  stimulation  of  the  face  elicited  movement  of  the  right 
side  of  the  face  only.  Double  sinmltaneous  stimulation  of  the  limbs  elicited 
movements  only  of  the  left  limbs.  This  indicated  a  crossed  brainstem  syn- 
drome; left  face  and  right  extremities,  and  was  corroborated  by  post  mortem 
examination.  The  consistent  failure  of  the  limbs  of  one  side  to  move,  or  one 
side  of  the  face,  indicates  either  a  sensory  or  a  motor  deficit. 

Other  noxious  stimuli  such  as  supra-orbital,  jaw  and  sternal  pressure  also 
elicited  movement  on  one  side  of  the  body  and  decerebrate  phenomena.  We 
have  seen  decerebrate  phenomena  of  one  side;  for  example,  extension  and  in- 
ternal rotation  of  one  upper  limb.  However,  we  were  not  able  to  correlate  any 
special  localizing  or  lateralizing  significance  in  this  particular  case. 

Deep  Tendon  Reflexes 

Group  A.  The  deep  tendon  reflexes  were  imreliable  indicators  of  unconscious 
states.  The  disappearance  of  the  deep  tendon  reflexes  occurred  in  only  ten  per 
cent  of  the  patients  in  the  deepest  state  of  unconsciousness  of  this  group.  In 
over  sixty  per  cent,  however,  they  became  depressed  at  this  stage.  The  two 
patients  under  hypnosis  were  unable  to  suppress  the  reflexes  no  matter  how 
great  the  suggestion. 

Group  B.  The  presence  or  absence  of  the  deep  tendon  reflexes  gave  little  in- 
formation as  to  the  stage  of  unconsciousness  excei:)t  that  in  the  very  deepest 
stages  they  were  commonly  absent.  It  should  be  noted  that  there  were  cases 
just  prior  to  death  that  still  had  deep  tendon  reflexes.  Two  patients  that  re- 
mained in  deep  coma  for  as  long  as  thirty  days  failed  to  show  disappearance 
of  the  deep  tendon  reflexes  although  they  did  become  depressed.  Absent  or 
markedly  depressed  deep  tendon  reflexes  may  have  antedated  the  comatose 
state,  particularly  in  diabetics.  jMarked  hyperactivity  of  deep  tendon  reflexes 
on  one  side  may  indicate  contralateral  cerebral  pathology. 

Pathologic  Reflexes 

Group  A.  The  only  pathologic  reflex  that  was  tested  was  the  plantar  re- 
sponse. In  six  patients,  transient,  unilateral,  or  bilateral  Babinski  signs  were 
obtained  during  the  early  stages  of  unconsciousness.  We  could  account  for  no 
special  reason  for  this  occurrence  but  it  may  be  significant  to  note  Savitsky 
and  Madonick's  finding  that  approximately  four  per  cent  of  the  average  pop- 
ulation was  found  to  have  the  Babinski  sign. 
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Group  It.  Iiil;it(M-;il  Bal»in.ski  signs  were  not  uiH'oiiiiuon  in  tlic  cuses  of 
meningeal  irritation  (hemorrhage,  infection),  cerebi'al,  and  brainstem  dis- 
orders. It  was  also  not  unconmion  in  the  same  patient  to  observe  Babinski 
signs  that  were  present  at  one  moment  and  absent  at  another.  Persistent  uni- 
lateral Babinski  signs  occasionally  accompanied  other  signs  referable  to  that 
side,  or  if  not,  was  only  significant  as  an  indicator  of  central  nervous  system 
pathology.  Abnormal  plantar  responses  did  not  give  any  clue  as  to  the  stage  of 
unconsciousness,  although  on  a  few  occasions  a  pieviously  existent  Babinski 
sign  was  no  longer  elicited  prior  to  expiration. 

Meningeal  Signs 

Group  A.  With  few  exceptions  no  meningeal  signs  could  be  elicited  during 
the  entire  course  of  induced  unconsciousness.  Resistance  to  passive  flexion  of 
the  head  was  noted  in  three  patients  relatively  early  in  the  course  of  induced 
unconsciousness.  We  have  no  explanation  for  these  findings.  In  one  of  the  cases 
it  was  associated  with  transient  generalized  rigidity. 

Group  B.  jNIeningeal  signs  were  present  in  approximately  seventy  per  cent 
of  the  patients  on  the  initial  examination  of  cases  proved  to  have  subarachnoid 
bleeding  or  infection.  The  remainder  had  no  evidence  of  meningeal  signs  on 
initial  examination.  On  occasion,  frank  meningeal  signs  disappeared  with  the 
rapid  deepening  of  unconsciousness.  At  times,  resistance  to  passive  flexion  of 
the  head  was  associated  with  generalized  rigidity.  Two  cases  of  head  injury 
were  interpreted  as  having  meningeal  irritation  by  virtue  of  resistance  to  pas- 
sive flexion  of  the  head  associated  with  facial  grimacing  as  if  in  pain.  Both 
cases  had  clear  spinal  fluid  and  were  subsequently  shown  to  have  associated 
fractures  of  the  cervical  vertebrae.  It  should  be  em])hasized  that  the  absence 
of  meningeal  signs  does  not  preclude  meningeal  pathology.  A  significant  num- 
ber of  patients  with  subarachnoid  hemorrhage  or  infection  did  not  have 
meningeal  signs  until  24  to  48  hours  after  admission. 

Motor  Phenomena 

Group  A.  Motor  power  may  be  evaluated  by  having  the  patient  raise  his 
arms  and  observe  if  there  is  a  tendency  for  one  u])per  limb  to  drift  or  fall 
significantly  more  rapidly  than  the  other  just  j^ior  to  induced  sleep  by  intra- 
venous barbiturate  while  the  patient  is  lethargic,  yawning,  euphoric,  and  show- 
ing a  nystagmus,  or  by  raising  the  lower  limbs  flexed  at  the  knees  and  feet  on 
bed  and  noting  any  difference  in  return  to  the  resting,  reclining  position.  In 
deeper  states,  the  rate  and  character  of  fall  are  different  than  in  the  lighter 
stages.  At  least  twenty  of  the  patients  in  this  group  showed  a  difference  from 
side  to  side  but  only  in  two  was  this  difference  consistently  on  one  side.  Here, 
too,  we  were  unable  to  account  for  this  consistent  difference  by  anything  in 
the  history  or  any  other  parts  of  the  examination.  Not  infrequently,  the  ad- 
ministration of  intravenous  barbiturates  produced,  at  the  stage  of  deep  sleep, 
transient  twitching  of  the  fingers  of  one  or  both  hands.  We  have  not  seen  this 
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with  otluT  drugs  and  have  no  idoa  as  to  why  it  occurs  so  connnonly  with  bar- 
biturates. 

Group  B.  Focal  or  one  sided  seizures  correlated  well  with  the  expected  side 
of  pathology  although  in  two  instances  the  lateralized  seizures  were  opposite 
the  side  of  the  major  pathology  as  proved  by  post  mortem  examination.  Oc- 
casionally, what  is  interpreted  as  a  generalized  seizure  represents  decerebrate 
phenomena  and  this  carries  with  it  a  difference  in  interpretation  from  that  of 
the  true  convulsion.  The  reverse  may  occur,  and  in  one  of  our  cases  it  was 
reported  that  the  patient  had  "decerebrate  seizures,"  and  because  of  the  find- 
ings of  four  limb  weakness  and  bilateral  Babinskis,  was  thought  to  have  a 
brainstem  lesion.  This  case  subsequently  was  proved  to  be  bilateral  cerebral 
disease  secondary  to  bilateral  internal  carotid  artery  occlusion.  One  should 
observe  carefully  for  any  other  abnormal  involuntary  movements.  Hemiballis- 
mus  is  occasionally  seen  associated  wdth  unconsciousness.  Generalized  tremors, 
twitchings  or  "flapping  movements"  may  be  seen  in  toxic-metabolic  disorders 
such  as  uremia  and  hepatic  failure.  The  motor  phenomena  per  se  do  not  give 
very  helpful  clues  as  to  the  stage  of  unconsciousness.  Restless  involuntary 
movements  do  not  necessarily  mean  that  the  patient  is  in  a  light  stage  of 
unconsciousness.  Although  generally  it  is  true  that  sleep  and  unconscious  states 
cause  the  disappearance  of  most  pre-existing  abnormal  involuntary  move- 
ments, we  have  seen  certain  involuntary  movements  persist  in  the  deepest 
stages  of  unconsciousness  and  up  to  the  time  of  expiration.  These  are  fascicu- 
lations  and  myoclonic  movements  of  the  palate  and  related  structures  which 
have  been  known  to  be  due  to  lesions  of  one  inferior  olive  and  opposite  dentate 
nuclei.  Generalized  rigidity  has  been  noted  by  us  in  one  patient  rendered  un- 
conscious by  Thorazine  and  in  one  patient  overcome  by  illuminating  gas.  Flac- 
cidity  of  the  limbs  were  observed  often  in  deep  stages  of  coma,  but  preservation 
of  muscle  tone  was  found  to  exist  just  prior  to  expiration.  In  cases  of  over- 
whelming cerebral  hemorrhage  the  limbs  may  be  spastic  up  to  the  moment  of 
death.  In  situations  w^here  the  limbs  are  spastic  on  one  side  and  flaccid  on  the 
other,  errors  in  predicting  laterality  were  significantly  great.  In  the  latter  cases 
both  sides  of  the  CNS  were  often  involved. 

PART  II.  TWO  SPECIAL  TESTS  FOR  EVALUATION  OF  UNRESPONSIVE 

STATES 

Oculo-Cephalic  and  Vestibulo-Ocular  Reflexes 

In  addition  to  the  foregoing  methods  of  evaluating  unconscious  states,  we 
employ  techniques  which  aid  us  in  determining  1 1  whether  a  given  imrespon- 
sive  state  is  psychogenic  or  organic,  2 1  the  depth  or  stage  of  unconsciousness, 
and  3j  the  integrity  of  extra-ocular  movements.  We  have  found  that  the  rou- 
tine methods  have  not  always  been  reliable  indicators  of  the  stage  of  uncon- 
sciousness and  vary  greatly  from  patient  to  patient.  Also  it  is  well  known  that 
in  unresponsive  psychogenic  states  such  as  catatonia,  reactions  to  painful 
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.stiiinili  and  tlu'  coincal  icactions  may  be  absent.  We  ha\'e  investigated  and 
used  two  tests  tluit  have  been  added  to  oui'  routine  proeedures  for  all  patients 
admitted  in  responsive  states:  The  oculo-cephalic  reflex  and  the  oculo-vestib- 
ulai'  reflex  as  elicited  by  cold  caloric  stimulation. 

The  Oculo-Cephalif  Reflex 

The  oculo-cephalic  wilvx  ("doll  phenomenon''!  is  an  easy  and  reliable  method 
of  testing  the  integrity  of  extra-ocular  movements  in  patients  with  altered  states 
of  consciousness. 


Fig.  1.  Oculo-cephalic  reflex.  In  tliis  instance,  the  head  is  pas.su  el>'  turned  to  the  right 
and  the  eyes  are  in  conjugate  deviation  to  the  left.  This  is  a  normal  oculo-cephalic  response. 

In  the  normal  awake  subject,  this  reflex  consists  of  conjugate  deviation  of 
the  eyes  while  fixing  a  target  and  turning  the  head.  Even  when  fixation  of  a 
target  is  not  possible,  as  in  total  darkness  or  unconscious  states,  rapid  passive 
turning  of  the  head  results  in  contralateral  conjugate  deviation  of  the  eyes 
opposite  to  the  head  movement  (Fig.  ll.  Similarly,  rapid  flexion  and  extension 
of  the  head  will  result  in  opposite  vertical  deviation  of  the  eyes.  This  maneuver 
is  not  employed  frequently  because  of  the  limitation  in  range  of  extension  in 
comatose  patients. 

The  oculo-cephalic  reflex  in  the  unconscious  patient  is  elicited  by  holding 
the  eyelids  open  and  rapidly  turning  the  head  to  one  side  and  then  to  the 
other.  If  the  eyes  are  observed  to  move  conjugately  opposite  to  the  head  move- 
ments, the  reflex  is  intact  (Fig.  1).  This  reflex  is  commonly  present  in  lighter 
stages  of  unconsciousness  and  disappears  in  deeper  stages.  When  the  reflex  is 
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absent  the  I'Vcs  fail  to  move  troiii  the  mid-position  despite  tiie  change  in  head 
jiosition.  With  this  maneuver,  a  nystagmus  is  often  elicited  on  lateral  gaze 
which  may  be  the  only  clue  to  barbiturate  intoxication  or  brainstem  dysfunc- 
tion fiom  other  etiologies.  An  oculo-cephalic  reflex  that  is  intact  in  one  direc- 
tion and  absent  in  the  other  direction  suggest  paresis  or  paralysis  of  conjugate 
gaze  to  one  side  and  may  be  of  localizing  value.  In  addition,  the  elicitation  of 
dysconjugate  eye  movements  by  this  maneuver  is  usually  associated  with  a 
brainstem  lesion  or  an  ocular  nerve  paresis.  For  example,  one  eye  may  abduct 
while  the  other  eye  remains  in  the  mid-position,  suggesting  the  syndrome  of 


Fig.  2.  Oculo-^  optihular  response.  This  subject  demonstrates  the  tonic  deviation  of  the 
eyes  to  the  side  of  stimulation  as  would  be  found  in  the  unconscious  patient  with  cold  caloric 
stimulation  of  tlie  right  ear. 

the  median  longitudinal  fasciculus.  We  have  yet  to  encounter  an  absent  oculo- 
cephalic  reflex  in  a  patient  sul)sequently  proven  to  be  a  catatonic  schizo- 
phrenic. 

The  Vestiliulo-Ocular  Reflexes 

The  vestibulo-ocular  reflex  is  elicited  by  cold  water  stimulation  of  the  ear 
canal  in  the  normal  aivake  subject  which  produces  the  characteristic  responses 
of  coarse  horizontal  nystagmus  in  all  gazes,  most  pronounced  on  gaze  in  the 
direction  opposite  the  side  of  stimulation.  The  nystagmus  has  a  quick  and  slow 
com])onent ;  fjuick  in  the  direction  away  from  the  side  of  stimulation  and  slow 
toward  the  side  of  stimulation.  In  addition,  the  subject  v^ers  and  jiast-jioints 
to  the  side  of  stimulation.  Commonly,  there  is  associated  nausea  and  autonomic 
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reaction.  Tntil  I'ccciitly,  i-clutivcly  little  use  has  been  made  of  the  colil  caloi-ic 
test  in  ])atients  with  altered  states  of  consciousness. 

The  method  of  stimulation  is  simple.  A  standard  30  or  50  cc  syringe  with 
lubber  or  polyethylene  tube  attached,  iced  water  and  an  emesis  basin  are  all 
the  equipment  recjuired.  The  iced  water  is  syringed  slowly  and  steadily  into 
the  ear  canal  for  three  minutes,  unless  an  ocular  response  is  observed  before 


PATTERNS  OF  OCULAR  MOVEMENTS  FROM  WAKEFULNESS  TO  DEEP  COMA 
AS  A  RESULT  OF  CALORIC  STIMULATION 


WAKEFULNESS 


•CALORICS- 


•0  -  C' 


PRESENT 
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DEEP  COMA 


ABSENT 


Fig.  3.  S  =  side  of  stimulation; 
sents  the  oculo-cephalic  reflex. 


nystagmus.  The  cohimn  on  the  I'igiit  (O-C)  repre- 


then.  Our  arbitraiy  period  for  maximum  stimulation  is  three  minutes.  If  there 
is  no  resi)onse  by  this  time,  we  are  assured  that  the  reflex  is  absent.  Excessive 
impaction  of  wax  may  occasionally  alter  the  response,  and  if  no  response  is 
produced  the  wax  should  be  removed  and  the  test  repeated  (Fig.  2). 

We  find  that  there  is  a  predictable  pattern  of  ocular  responses  to  cold  caloric 
stimulation  from  wakefulness  to  deep  coma.  Several  groups  of  patients  were 
studied:  A)  normal  subjects  with  altered  states  of  consciousness  induced  by 
drugs  (barbiturates) ;  Bj  patients  admitted  in  deep  coma  from  overdose  of 
drugs  (usually  barbiturates) ;  C)  patients  undergoing  general  anesthesia  for 
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alidoniiiial  optTatiuiis ;  aiul  D)  jiatients  with  pt^ychogenic  disorders,  such  as 
catatonic  schizophrenia,  and  El  normal  subjects  under  deep  hypnosis. 

The  ocular  response  of  groups  A,  B,  and  C  revealed  four  distinct,  predictable 
stages  from  drowsiness  to  deep  coma  (Fig.  3). 

Stage  1.  Cold  calorics  produce  arousal  with  normal  ocular  responses  as  seen 
in  wakefulness,  that  is,  quick  and  slow  phase  nystagmus,  most  apparent  on 
gaze  ojiposite  to  the  side  of  stimulation,  somewhat  less  on  direct  forward  gaze, 
and  least  apparent  on  gaze  to  the  side  of  stimulation.  This  was  associated  with 
transient  arousal. 

Stage  2.  Cold  calorics  produce  tonic  conjugate  deviation  of  the  eyes  to  the 
side  of  stimulation  ivith  a  fine  nystagmus.  It  is  often  difficult  to  determine  the 
quick  and  slow  phase  of  this  fine  nystagmus  with  the  naked  eye,  but  by  means 
of  electronystagmography  we  were  able  to  confirm  that  the  quick  phase  is 
airaj/  from  the  side  of  stimulation  and  the  slow  phase  toward  the  side  of  stim- 
ulation. 

Stage  3.  Cold  calorics  }:)roduce  tonic  conjugate  deviation  of  the  eyes  to  the  side 
of  stimulation  without,  nystagmus. 

Stage  4.  (Deep  coma)  Cold  calorics  produce  no  ocular  response,  the  eyes 
remaining  in  or  near  the  mid-position. 

In  group  D  (unresponsive  patients  due  to  psychogenic  disorder),  the  ocular 
responses  to  cold  calorics  were  those  of  typical  wakefulness,  despite  the  lack 
of  reaction  to  painful  stimuli  and  absent  corneal  reflexes.  On  the  other  hand, 
four  patients  known  to  have  periods  of  catatonia  and  previously  institutional- 
ized for  schizophrenia  were  examined  in  the  emergency  room  and  initially  sus- 
pected of  being  in  another  catatonic  state.  Cold  calorics  gave  tonic  ocular 
deviation  to  the  side  of  stimulation  without  nystagmus.  Further  investigation 
disclosed  that  two  of  the  patients  had  subdural  hematoma,  one  subarachnoid 
hemorrhage,  and  the  other  barbiturate  poisoning. 

Two  subjects  with  no  neurologic  deficits  were  hypnotized  to  the  stage  where 
by  suggestion  pin  prick  to  the  face  and  corneal  stimulation  elicited  no  re- 
sponse. Further  suggestion  was  given  that  the  eyes  would  remain  staring  di- 
rectly forward  and  would  not  move  no  matter  what  the  stimulus.  Cold  caloric 
stinmlation  produced  prompt  typical  normal  ocular  nystagmus,  although  the 
subjects  were  still  under  hypnotic  trance.  These  experiments  corroborated  the 
great  resistance  of  the  oculo-vestibular  reflex. 

SUMMARY 

In  summary,  the  oculo-vestibular  response  to  cold  caloric  stimulation  aids 
in  determining  whether  an  unresponsive  state  is  organic  or  psychogenic.  It  is 
a  reliable  indicator  of  the  depth  or  stage  of  organically  acquired  unconscious- 
ness, and  when  used  serially  is  a  good  indicator  of  the  patient's  progress.  As 
with  the  oculo-cephalic  reflex,  the  elicitation  of  dissociated  ocular  movements 
suggests  dysfunction  of  the  brainstem  and/or  its  oculomotor  or  vestibular  pro- 
jections. 


Aiisoiillalioii,  Palpation  and  (Compression  of 
the  Neck  and  Head 

ALLEN  SILVERSTEIN,  M.D. 
New  York,  N.Y. 

The  simple  acts  of  applying  the  stethoscope  or  the  examiner's  hands  to  the  neck 
and  head  of  the  patient  are  usually  not  included  in  the  routine  examination. 
This  is  unfortunate  since  information  of  diagnostic  importance  can  sometimes 
be  obtained  from  these  maneuvers.  They  are  neither  time  consuming  to  the 
physician,  nor  with  the  possible  exception  of  compression  of  the  arteries  of  the 
neck,  uncomfortable  or  harmful  to  the  patient. 

Auscultation 

The  stethosco])e,  for  many  years  an  addendum  to  the  neurologist's  armamen- 
tarium largely  emjiloycd  for  the  recognition  of  intracranial  vascular  malforma- 
tions, has  only  recently  become  an  essential  part  of  the  neurologist's  equipment 
for  the  diagnosis  of  extracranial  occlusive  vascular  disease. 

Technique 

Auscultation  of  the  neck  is  best  performed  with  the  bell,  rather  than  the 
diaphragm,  of  the  stethoscope.  The  examiner  routinely  should  listen  to  both 
carotid  arteries  as  low  as  possible,  in  the  middle  positions  of  the  neck,  and  at  the 
angles  of  the  jaw.  Only  gentle  pressure  should  be  exerted  on  the  arteries,  as  too 
forceful  an  application  of  the  stethoscope  can  create  bruits  where  none  exist. 
It  is  helpful  to  have  the  patient  extend  his  neck  and  hold  his  breath  d\u-ing  the 
periods  of  auscultation.  The  necks  of  uncooperative  patients  with  noisy  respira- 
tions can  frequently  be  auscultated  if  the  examiner  closes  the  patient's  mouth. 

In  addition  to  listening  to  the  carotids,  an  attempt  should  be  made  to  hear 
the  subclavian  and  origin  of  the  vertebral  arteries  in  the  supraclavicular  fossae. 
Vertebral  artery  bruits  may  occasionally  be  heard  by  auscultation  of  the  pos- 
terior portion  of  the  neck.  Rotating  the  patient's  head  to  either  side  may  some- 
times bring  out  bruits  which  are  not  audible  with  the  head  straight.  The  evalua- 
tion of  patients  with  neurologic  symptoms  possibly  due  to  a  thoracic  outlet 
syndrome  should  include  auscultation  in  the  supra-  and  intraclavicular  regions 
while  the  arm  is  abducted  and  the  head  rotated  away. 

If  a  bruit  is  heard  in  the  neck  the  examiner  should  note  if  it  is  unilateral,  par- 
ticularly after  exercise,  its  duration  and  pitch,  its  intensity  as  the  stethoscope 
is  moved  closer  to  and  away  from  the  base  of  the  heart,  and  its  possible  trans- 
mission over  branches  of  the  external  carotid  (especially  to  the  mastoid  region! 
or  to  the  eye  and  head.  The  effects  of  compression  of  either  carotid  artery  below 
a  unilateral  bruit  should  also  be  determined. 

Auscultation  of  the  head  is  also  performed  with  the  bell.  The  mastoid,  tem- 
poral, parietal  and  frontal  regions  should  be  examined.  The  eye  globe  is  ex- 
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nniiiu'il  with  tlic  patient  looking  at  an  object  with  his  other  eye  to  minimize 
the  noise  induced  by  blinking.  Attempts  should  be  made  to  abolish  an  ocular  or 
cranial  bruit  by  compression  of  the  carotid  artery  in  the  neck. 

Interpretation 

The  presence  of  a  neck  or  head  bruit  does  not  by  necessity  indicate  neurologic 
disease.  Head  bruits  have  been  reported  in  60  per  cent  of  normal  children  at  four 
or  five  years  of  age.  A  "venous  hum"  is  also  a  normal  finding  in  older  children 
or  adults.  The  "venous  hum"  at  the  base  of  the  neck  can  be  abolished  by  com- 
pressing the  neck  vein  above  the  hum.  Neck  and  head  bruits  can  be  heard  in 
patients  with  severe  anemia,  hyperthyroidism,  Paget's  Disease,  glomus  tumors, 
intrathoracic  vascular  malformations,  intraorbital  angiomas,  and  possibly  other 
non-neurologic  conditions.  A  localized  bruit  in  the  middle  portion  of  the  neck 
may  be  related  to  a  highly  vascularized  thyroid. 

The  most  frequent  cause  for  neck  bruits  in  patients  of  the  age  group  when 
cerebrovascular  disease  is  common  is  not  a  local  stenotic  lesion  but  rather  the 
transmitted  murmur  of  aortic  stenosis.  This  can  usually  be  distinguished  from 
the  bruit  of  a  local  carotid  stenosis  by  its  bilaterality,  the  increased  intensity 
as  the  base  of  the  heart  is  approached,  and  the  similarity  of  timing  and  pitch  of 
the  cardiac  and  neck  murmurs.  The  bruit  due  to  local  carotid  disease  is  said  to 
occur  later  in  systole  than  the  aortic  murmur.  If  both  carotid  and  aortic  stenosis 
are  present  in  the  same  patient,  the  bruit  of  the  carotid  lesion  may  still  be  recog- 
nized in  addition  to  its  timing  in  the  cardiac  cycle,  by  its  different  quality  from 
the  basal  murmur,  its  unilaterality,  and  its  increased  intensity  at  the  angle  of 
the  jaw  or  region  of  the  thyroid  cartilage.  Even  the  murmur  of  aortic  stenosis 
may  be  of  some  diagnostic  aid.  This  murmur  may  be  transmitted  to  only  one 
carotid  if  the  other  carotid  is  completely  obstructed.  A  neck  bruit  can  also 
be  heard  over  a  perfectly  patent  vessel  if  increased  flow  in  that  vessel  is  re- 
sponsible for  collateral  circulation  in  the  distribution  of  another  occluded  vessel. 
Unilateral  bruits  have  thus  been  heard  over  the  patent  cartoids  of  patients  with 
contralateral  complete  carotid  occlusions. 

A  localized,  unilateral  systolic  neck  bruit,  with  the  characteristics  described 
above,  is  strong  presumptive  evidence  for  a  local  stenotic  arterial  lesion.  How- 
ever, this  may  or  may  not  be  related  to  the  patient's  neurologic  symptoms.  The 
bruit,  for  example,  may  be  due  to  narrowing  of  the  external  carotid  artery,  rather 
than  the  internal.  Stenosis  of  the  internal  carotid  artery  may  also  be  present  in 
neurologically  asymptomatic  patients.  Moreovei',  the  neck  bruit  may  sometimes 
exist  on  the  side  opposite  to  cerebral  vascular  lesion. 

The  final  evaluation  of  a  unilateral  neck  bruit,  therefore,  requires  considera- 
tion of  the  entire  clinical  picture.  We  do  not  believe  that  a  definitive  diagnosis 
of  symptomatic  partial  arterial  obstruction  can  be  made  by  auscultation  alone. 

The  bruits  heard  in  the  neck  due  to  stenotic  lesions  of  large  arteries  are 
usually  systolic.  On  the  other  hand,  the  bruit  heard  in  the  neck  or  head  due  to 
arterio-venous  fistulae  are  usually  continuous.  In  our  opinion,  there  is  little 
localizating  value  to  the  site  of  a  head  bruit  due  to  an  intracranial  vascular  mal- 
formation, with  the  possible  exception  of  laterality.  Head  bruits  have  been  ob- 
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s('i'\'i'(l  ill  cci'taiii  \';isculai'  cranial  or  in  I  I'acraiiial  neoplasms,  |  lart  icularl  y  liciiian- 
gioinas  and  rarely  ineningionias. 

Eyeball  bruits  are  almost  always  present  with  traumatic  caNcrnous-caiot id 
fistulas  and  sometimes  with  intracranial  iiiall'orniations.  The  bruit  of  carotid 
stenosis  in  the  neck  is  rarely  transmittetl  to  the  eyeball.  Des])ite  statements  to 
the  contrary,  we  have  never  heard  an  eyeball  bruit  with  a  proven  stenotic  lesion 
of  the  carotid  siphon.  We  have  heard,  however,  eyeball  bruits  due  to  a  patent 
carotid  supidying  collateral  circulation  to  the  distriljution  of  a  contrulateially 
occluded  carotid. 

Palpation 

^^'hile  auscultation  over  the  carotid  may  suggest  partial  occlusion,  palpation 
of  the  carotid  pulse  is  rarely  of  diagnostic  aid  even  if  a  complete  internal  carotid 
occlusion  is  present.  This  is  true,  in  our  opinion,  both  for  palpation  of  the  pulse 
in  the  neck  and  for  intraoral  palpation  of  the  pulse  in  the  pharynx.  The  quality 
of  carotid  pulsations  is  of  diagnostic  aid  only  with  the  rare  occlusion  of  the  com- 
mon carotid  artery  which  results  in  a  loss  of  not  only  the  carotid  pulse  in  the  neck 
but  also  the  superficial  temporal  artery  pulse.  Unequal  carotid  pulsations  may 
also  be  due  to  other  conditions  including  aortic  arch  aneurysm,  double  aortic 
arch,  atypical  coarctation,  and  cervical  rib  syndromes. 

A  palpable  thrill  can  sometimes  be  felt  over  a  stenotic  carotid  lesion  l:)ut  this 
never  occurs  without  an  audible  bruit. 

Palpation  of  the  skull  may  rarely  be  of  diagnostic  aid.  A  localized  thickening 
or  bulge  may  be  indicative  of  a  meningioma  growing  through  the  inner  table, 
myeloma,  or  metastatic  cancer.  Depressed  skull  fractures  can  sometimes  be  felt 
and  increased  intracranial  pressure  suggested  by  the  tension  in  the  fontanelle 
of  infants  or  in  the  bone  flap  in  patients  with  previous  craniotomy.  Percussion  of 
the  skull  of  infants  and  children  with  elevated  intracranial  pressure  is  said  to 
produce  a  "cracked  pot"  sound  but  this  finding  must  occur  more  often  in  text- 
books than  in  patients. 

Palpation  in  the  neck  at  the  region  of  the  carotid  sinus  may  provide  symptoms 
of  the  well  known  "hyperactive  carotid  sinus  syndrome."  These  may  include 
syncope  and  convulsive  seizures  which  occur  within  a  few  seconds  of  carotid 
sinus  stimulation.  These  effects  are  usually  associated  with  asystole,  a  significant 
bradycardia,  or  drop  in  blood  pressure.  The  responses  associated  with  changes  in 
pulse  rate  may  be  prevented  by  administering  atropine  0.4  milligram  intra- 
venously prior  to  carotid  sinus  palpation.  The  effects  associated  with  hypoten- 
sion may  be  prevented  by  administering  vasopressors  or  by  injecting  Novocain 
into  the  carotid  sinus.  These  maneuvers  may,  at  times,  be  required  to  distinguish 
the  responses  resulting  from  carotid  sinus  hypersensitivity  from  those  due  to 
manual  compression  of  the  carotid  arteries. 

Compression  of  the  Carotid  Artery 

Technique 

The  examiner  faces  the  patient  who  sits  erect  and  extends  both  arms.  The 
examiner  places  the  fingers  of  one  hand  as  low  on  the  patient's  neck  as  will  allow 
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caiotid  inilsations  to  be  felt  clearly.  Firm  pressure  is  then  exerted  against  the 
trans\-erse  processes  of  adjacent  vertebrae.  The  adequacy  of  compression  is 
checked  by  jjulpating  the  ipsilateral  superficial  temporal  pulse  which  should  be 
obliterated  if  compression  is  satisfactory.  Compression  is  maintained  for  up  to 
thirty  seconds  unless  the  patient  begins  to  show  a  downward  drift  of  one  ex- 
tended arm,  loses  consciousness  or  has  a  seizure,  at  which  time  compression  is 
immediately  discontinued.  Eye  movements  and  speech  can  be  evaluated  during 
the  iieriod  of  compression.  A  meaningful  test  requires  independent  compression 
of  both  carotids.  Compression  with  the  head  turned  to  either  side  can  also  be 
employed. 

A  postive  test  is  one  which  induces  any  one  or  more  of  the  following:  an  ex- 
tremity drift,  syncope,  or  seizure  either  focal  or  general.  After  the  compression 
there  may  be  contralateral  paresthesias.  A  negative  test  is  one  which  does  not 
produce  these  signs  after  thirty  seconds  of  compression.  Symptoms  of  paresthesia 
in  the  extremities  or  dizziness  are  not  considered  indicative  of  a  positive  response. 

Interpretation 

The  positive  response  to  carotid  compression  takes  several  seconds  to  occur 
in  contradistinction  to  the  almost  instantaneous  effects  of  a  hypersensitive 
carotid  sinus.  The  two  responses  can  also  be  separated  by  monitoring  the  pulse 
rate  and  blood  pressure  and  by  the  jirior  administration  of  medication. 

A  ])ositive  test  by  itself  is  not  diagnostic.  Bilaterally  positive  responses  are 
sometimes  noted  in  elderly  patients  without  known  neurological  disease.  A 
unilateral  response,  however,  may  suggest  a  contralateral  carotid  occlusion,  or 
at  least  that  both  anterior  cerebral  arteries  are  supplied  by  the  compressed 
carotid.  A  test  which  becomes  positive  when  the  jiatient's  head  is  rotated  may 
indicate  A'ertebral  artery  obstruction  by  cervical  osteophytes.  The  presence  of 
vertical  nystagmus  during  compi'ession  is  suggestive  of  vertebrobasilar  insuffi- 
ciency. 

This  test  is  also  useful  in  evaluating  patients  for  various  types  of  carotid 
surgery  and  its  results  sliould  always  be  known  j^rior  to  carotid  arteriography. 

Information  can  sometimes  be  obtained  without  j^roducing  syncope  or  sei- 
zures. Headaches  of  vascular  origin,  as  in  migraine,  can  usually  be  abolished 
by  carotid  compression.  Simultaneous  carotid  compression  with  auscultation 
and/or  ophthalmodynamometry  may  lie  of  hel])  in  the  recognition  of  extra- 
cranial occlusive  vascular  disease. 

The  procedure  is  not  without  risk.  Fortunately,  with  careful  technique  com- 
plications are  extremely  rare.  The  information  to  be  gained  from  the  proper 
performance  of  carotid  compression  generally  outweighs  the  possible  risk. 

SUMMARY 

There  is  indeed  a  variety  of  diagnostic  information  to  be  gained  from  ausculta- 
tion, palpation  and  compression  of  the  neck  and  skull.  These  maneuvers,  how- 
ever, cannot  establish  a  definitive  diagnosis  by  themselves.  They  are  of  aid  to 
the  ]3hysician  only  when  considered  with  the  entire  clinical  picture.  At  times 
they  may  also  suggest  the  need  for  further  diagnostic  procedures. 
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Studies  over  the  past  fifteen  years  have  demonstrated  the  value  of  using 
aiiiol)arl)itaI  sodium  (amytal  sodium®)  as  a  diagnostic  test  for  the  presence  of 
l)i'ain  damage  (1).  Under  the  influence  of  tliis  drug,  certain  clianges  in  orienta- 
tion for  time,  place,  person  and  awareness  of  illness  occurred  in  patients  with 
brain  disease  which  did  not  ajipear  in  persons  without  demonstrable  brain 
pathology.  Originally,  the  idea  for  the  Amytal  Test  came  from  the  observation 
that  when  these  phenomena  had  cleared  in  the  course  of  clinical  improvement 
they  could  again  be  elicited  by  the  administration  of  barbiturates. 

Patterns  of  Disorientation.  To  understand  the  rationale  of  the  procedure  it 
is  necessary  to  review  briefly  the  patterns  of  disorientation  and  denial  of  illness 
that  are  seen  in  association  with  brain  injury.  While  gross  disorientation  for 
place  and  time  is  readily  recognized,  the  various  patterns  of  partial  disorienta- 
tion are  less  well  recognized  {2} . 

In  disorientation  for  place,  the  patient  may  misname  the  hospital,  giving  it  the 
name  of  another  hospital  or  some  nonexistent  place.  He  may  use  a  euphemism 
such  as  "sanitarium"  or  "repair  shop."  He  may  name  the  hospital  correctly  but 
locate  it  in  another  city  or  another  part  of  the  city.  The  change  in  locale  is  gen- 
erally to  the  i^atient's  home  or  place  of  occupation.  Or,  the  patient  may  name 
and  locate  the  hospital  correctly  but  greatly  condense  the  distance  between  the 
hospital  and  his  home.  Thus  a  patient  who  lives  several  miles  away  may  say  he 
can  see  his  home  through  the  hospital  window.  Another  pattern  of  disorientation 
is  the  so-called  confabulated  journey  in  which  the  patient,  when  asked  what  he 
has  done,  confabulates  having  gone  home  or  on  a  shopping  trip. 

Another  pattern  of  disorientation  is  the  reduplication  of  the  hospital.  The 
patient  may  say  that  there  are  two  or  three  Mount  Sinai  Hospitals,  locating 
one  correctly  and  the  "other"  elsewhere.  Commonly,  patients  say  that  the  fic- 
titious i\Iount  Sinai  is  a  "branch"  or  "annex"  of  the  original.  Another  form  of 
reduplication  is  a  statement  that  a  hospital  and  a  hotel  or  housing  project  are  all 
in  the  same  building.  There  may  be  temporal  reduplication  in  that  the  patient 
says  that  he  has  been  in  the  hospital  previously,  when  in  actuality  he  has  not. 

Time.  Disorientation  for  time  is  expressed  by  errors  in  the  year,  month,  and 
time  of  day.  Under  hospital  conditions  patients  without  demonstrable  brain  dis- 
ease made  errors  in  the  time  of  day  but  these  did  not  cross  a  meal  time.  Only 
in  patients  with  organic  involvement  were  morning  and  afternoon,  afternoon  and 
evening,  or  day  and  night  reversed.  Some  patients  with  brain  disease  give  the 
correct  hour  but  reverse  a.m.  and  p.m.  It  is  characteristic  of  patients  with  brain 
disease  who  arc  disoriented  for  time  to  remain  so,  even  though  a  clock  with  the 
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correct  time  is  in  ready  view.  Patients  with  l)rain  disease  also  make  errors  in  the 
year  and  montli  which  are  not  present  in  control  groups,  though  errors  in  the  day 
of  the  month  may  occur  in  both  groups.  Disorientation  and  reduplication  for 
person  may  be  expressed  by  the  patient  misidentifying  the  examiner  or  fabricat- 
ing a  story  that  he  had  seen  him  in  some  other  place. 

Denial  of  Illness.  Denial  of  illness,  or  anosognosia,  is  common  among  patients 
with  organic  brain  disease.  Thus  a  seriously  incapacitated  person  may  say  he 
is  well  and  deny  such  disabilities  as  hemiplegia,  blindness,  diplopia,  headache, 
vomiting,  incontinence,  and  the  fact  that  an  operation  has  been  performed.  The 
denial  may  be  expressed  in  delusional  fashion  or  in  an  evasive  '"I  don't  know." 
Frequently,  the  patient  states  that  he  came  to  the  hospital  for  some  minor  com- 
plaint such  as  "constipation,"  or  for  a  "check-up."  The  symptoms  of  illness  and 
even  the  ownership  of  a  jiaralyzed  arm  may  be  attributed  to  others.  Or,  a  patient 
may  place  the  disability  in  the  past  and  maintain  that  he  is  quite  well  at  present. 

Test  Procedure 

The  Amytal  Test  is  considered  positive  for  the  existence  of  brain  disease  when, 
under  the  influence  of  the  drug,  there  are  manifestations  of  change  in  orientation 
and  awareness  of  illness  in  persons  who,  prior  to  drug  administration,  were  ori- 
ented and  expressed  awareness  of  illness. 

Questions.  The  patient  is  instructed  that  he  will  receive  an  injection  that  will 
test  his  memory  and  I'eactions.  He  is  asked  to  lie  down  and  the  following  ques- 
tions are  asked: 

1.  What  is  your  main  trouble? 

2.  Why  did  you  come  here? 

3.  What  is  the  full  name  of  this  place? 

4.  Where  is  it  located? 

5.  How  far  from  here  do  you  live? 

6.  Have  you  been  here  before? 

7.  Have  you  been  in  any  other  Mount  Sinai  Hospital? 

8.  What  did  you  do  last  night? 

9.  What  is  today's  date? 

10.  What  time  is  it  now? 

11.  Who  am  I? 

12.  Have  you  seen  me  before  coming  here? 

Injection.  After  the  questions  and  answers  are  initially  recorded  (it  is  sug- 
gested that  they  be  tape  recorded)  the  injection  is  begun.  The  drug  is  given 
intravenously  in  a  solution  of  0.5  Gm  in  10  cc  of  water  at  a  rate  of  .05  Gm  per 
minute.  As  the  drug  is  being  administered  the  jiatient  is  asked  to  count  backward 
from  100  to  one.  The  injection  is  continued  until  the  patient  makes  errors  in 
counting,  shows  nystagmus  on  lateral  gaze,  and  has  slurring  of  speech.  Some 
drowsiness  is  generally  present  at  this  point  and  all  of  these  manifestations  are 
regarded  as  physiological  indicators  of  drug  action.  The  effect  is  generally 
reached  after  the  administration  of  0.2  to  0.4  Gm,  and  the  questioning  is  re- 
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siiinecl  ;it  (lii.s  tiiiic  with  t\\v  xiuwv  qufistioM.s  used  in  the  pre-di  ufj;  iiiU'i  vievv.  When 
an  error  is  made  the  question  is  repeated,  as  it  has  been  found  that  normal  sub- 
jects, i.e.,  those  without  brain  disease,  may  make  transitory  errors.  Both  the 
pii'liiiiinary  questioning  and  answers  and  the  interview  after  drug  administra- 
tion are  recorded  verbatim.  If  a  positive  result  is  not  obtained  after  the  giving 
of  sufficient  drug  to  produce  a  physiological  reaction,  there  is  no  advantage  in 
injecting  more  of  tlie  solution.  Some  i)roblem  is  created  by  subjects  who  appear 
drow.sy.  If  they  cannot  be  roused  to  make  a  response,  then  no  conclusions  can 
l)e  drawn.  Before  a  test  is  considered  negative,  the  list  of  questions  is  repeated  as 
occasionally  a  1+  response  may  be  obtained  after  the  patient  has  answered  the 
initial  round  of  questions  without  significant  change. 

Scoring.  The  scoring  is  done  on  the  basis  of  the  total  errors  made.  One  error 
is  graded  as  1  +  ,  two  or  three  as  2+,  foiu'  or  five  as  3+  and  more  than  five  is 
rated  4+.  It  is  important  that  the  criterion  of  change  be  maintained.  The  test 
is  not  of  value  with  subjects  who  in  the  preliminary  questioning  deny  illness, 
express  disorientation,  or  who  are  not  communicative.  These  manifestations  are 
generally  not  greatly  altered  by  the  drug.  If  a  subject  originally  says  that  he 
came  for  headaches  and  then  after  injection  says,  in  reply  to  the  same  ciuestion, 
"I  don't  remember"  or  "what  do  you  mean"  con.secutively,  this  is  a  positive  re- 
sponse. Some  modification  in  the  questions  may  be  made.  For  example,  if  a 
patient  is  already  disoriented  for  place,  he  is  not  asked  if  he  has  been  in  another 
Mount  Sinai  Hospital;  or  if  he  spontaneously  confabulates  about  the  examiner, 
he  is  not  asked  to  identify  him.  Actually,  it  is  not  necessary  for  a  response  to  be 
wrong  to  be  scored  as  positive.  Thus,  under  the  effects  of  a  drug  a  patient  may 
state  that  he  came  to  the  hospital  because  his  doctor  said  he  should  be  admitted. 
If  his  original  answer  is  that  he  came  for  headaches  or  trouble  in  walking,  then 
the  response  is  significant.  The  factor  of  change  is  the  significant  ])oint. 

Certain  errors  are  made  by  control  groups  and  are  not  specific  for  brain  disease. 
One  of  these  is  a  slight  change  in  the  address  or  name  of  the  hospital.  While  the 
Mount  Sinai  Hospital  is  situated  between  97th  and  101st  Street  between  Fifth 
and  Madison  Avenues,  a  normal  subject  may  be  incorrect  in  locating  it  at  100th 
Street  and  Park  Avenue  or  Fifth  Avenue  and  105th  Street.  The  name  of  the 
hospital  may  be  qualified,  as  "The  great  Mount  Sinai  Hospital  with  the  most 
stui:)endous  doctors,"  or,  when  asked  to  identify  the  examiner,  the  patient  may 
refer  to  him  as  a  "big  wheel  doctor."  The  date  may  be  given  as  the  19th  or  20th 
of  the  month.  Such  errors  may  also  be  made  in  the  pre-dmg  questioning. 

Results 

Positive  Results.  Our  findings  indicate  that  the  occurrence  of  a  positive 
Amytal  Test  depends  not  only  on  the  presence  or  absence  of  brain  disease  per  se, 
but  on  the  location,  extent,  type  of  onset  and  rapidity  of  progression  of  the 
pathological  process.  The  highest  incidence  of  positive  results  occurred  with 
rapidly  developing,  deeply  seated  and  diffuse  lesions.  These  conditions  are  ful- 
filled by  infiltrating  or  metastatic  neoplasms,  acute  vascular,  traumatic  and  in- 
flammatory lesions,  bilateral  pre-frontal  lobotomy,  tumors  in  the  region  of  the 
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third  ventricU',  and  pri'-.'^enile  dcnientia.  AVhen  the  test  is  negative  in  cases  of 
brain  tumor,  the  lesion  is  often  benign  and  superficial  such  as  a  meningioma  of 
the  convexity.  The  low  incidence  in  seizure  cases  is  due  to  the  fact  that  usually 
no  evidence  of  brain  damage  could  be  found  apart  from  the  EEG  abnormality. 
The  relatively  low  incidence  following  head  injury  reflects  the  circumstance  that 
most  cases  were  tested  many  months  after  the  initial  trauma.  The  50  per  cent 
incidence  in  degenerative  and  demyelinating  diseases  indicates  the  extent  of  the 
pathology  and,  particularly,  the  rate  of  progression.  While  patients  who  later 
were  proved  to  have  pre-senile  dementia  generally  yielded  positive  results,  pa- 
tients with  Parkinson's  disease  or  multiple  sclerosis  in  remission  were  usually 
negative.  The  importance  of  activity  was  shown  when  a  negative  result  was 
obtained  in  two  patients  who  had  had  right  hemispherectomies  for  old  atrophic 
lesions. 

Special  Value.  The  test  has  been  particularly  useful  in  patients  with  brain 
tumor  or  other  progressive  pathology  in  whom  there  are  no  focal  or  lateralizing 
signs  or  manifestations  of  inci'eased  intracranial  pressure,  and  in  whom  the 
symptoms  have  been  changes  in  mood,  work  efficiency,  and  social  Ijehavior.  It 
has  also  been  helpful  in  distinguishing  central  from  peripheral  lesions,  and  in 
cases  where  there  is  known  malignancy  and  the  question  of  intracranial  me- 
tastasis has  arisen.  Another  advantage  is  that  the  preliminary  questioning  in- 
volves a  systematic  examination  of  the  patient  in  an  area  where  observations 
are  often  haphazard.  Frequently  we  have  been  asked  to  do  an  Amytal  Test  on  a 
patient  who  is  already  disoriented. 

Reliability.  The  test  results  have  been  consistent  in  that  if  the  procedure  is 
repeated  in  a  few  days  a  positive  score  usually  remains  positive  and  a  negative 
response  persists.  In  one  case  of  an  old  brain  injury,  where  the  symptoms  con- 
sisted of  chronic  depression  and  iri'itability,  22  positive  1+  and  2+  results  were 
obtained  over  a  period  of  two  years.  However,  the  serial  administration  has 
been  valuable  in  evaluating  clinical  change  and  prognosis.  Thus  clinical  improve- 
ment and  the  clearing  of  neurological  signs  may  be  accompanied  by  a  change 
from  a  positive  to  negative  result  or  a  shift  from,  say,  a  3+  to  a  1+  score.  Con- 
versely, what  looks  like  clinical  improvement  may  actually  represent  an  increase 
in  l)rain  damage  and  this  can  be  verified  by  the  Amytal  Test.  For  example,  a 
])atient  who  has  been  depressed  and  complaining  may  become  unworried  and 
euphoric  with  a  change  from  a  positive  to  a  negative  test.  In  the  hospital  the 
procedure  has  also  been  valuable  in  determining  the  time  of  discharge  of  patients 
who  have  had  head  injuries.  It  has  been  our  policy  not  to  advise  discharge  while 
the  Amytal  Test  is  still  positive. 

Case  Reports 

CASE  1 

The  patient  was  a  62  year  old  woman  who,  four  years  previously,  had  sustained 
a  severe  brain  injury  in  an  automobile  wreck.  She  was  reported  as  having  been 
unconscious  for  several  weeks  and  as  confused  for  several  months.  In  her  con- 
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fusion  sIk'  wat;  said  to  have  bot'ii  ciiplioric,  |)ai  anoi(l,  and  a.s  showing  ''uninliibitied 
sexual  behavior."  Following  her  release  from  the  hospital  she  became  irritable, 
depressed  and  coni])lained  of  pain  in  her  perineal  region.  Neurological  study 
showed  no  intellectual  deficit  and  she  was  regarded  as  a  case  of  psychogenic 
depression  with  sexual  conflicts.  The  following  test  was  done  in  a  piivate  sani- 
tarium wIkm'o  she  was  taken  after  a  sui('i<ial  threat. 

Pre-l)rug  Interview 
What  is  your  main  trouble? 
There's  something  up  there  between  my  rectum  and  uterus. 
Pain,  throbbing. 

What  is  the  full  name  of  this  place? 
Huntly  Manor  Sanitorium  or  arium. 

Where  is  it  located? 

0000  Alaska  Avenue.  (Correct) 

Have  you  been  here  before? 
No. 

Is  there  any  other  place  by  this  name? 
Not  that  I  know  of. 

What  did  you  do  last  night? 

1  visited  a  little  old  lady;  she's  in  a  terrible  mess. 
Watched  T.V. 

What  is  today's  date? 
March  15,  1960.  (Correct.) 

What  time  is  it  now? 

Four  o'clock.  It's  all  right  if  I  look  at  my  w^atch,  isn't  it?  (Correct.) 

What  is  my  name? 
Dr.  Edwin  Weinstein. 

Post  Drug  Interview 

She  was  given  0.35  Gm  of  amytal  sodium.  She  became  slightly  drowsy  after 
0.15  Gm,  errors  in  counting  appeared  consistently  after  0.2  Gm  and  nystagmus 
was  noted  at  0.25  Gm.  Tests  repeated  at  monthly  intervals  over  the  next  year 
consistently  yielded  1+  and  2+  positive  results. 

What  is  your  main  trouble? 

My  ass  hui'ts  if  you  want  to  know. 

What  is  the  full  name  of  this  place? 
Hunamasset  Manor  Sanitorium. 

What  is  the  name  of  this  place? 
Huntly  Manor  Club. 

Where  is  it? 

0000  Alaska  Avenue. 
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Wlint  did  i/ou  do  last  night? 
Watched"  T.V. 

What  is  today's  date? 
September  15,  1960. 

What  time  is  it  now? 
Must  be  about  4:30. 

Morning  or  afternoon? 

Afternoon.  I  was  asleep  in  the  morning. 

What  is  my  name? 

Dr.  Edwin  Weinheini ;  I  mean  Weinstein. 

This  test  was  scored  as  2+  positive  on  the  basis  of  disorientation  for  place 
and  disorientation  for  date.  The  more  colloquial  way  in  which  the  patient  referred 
to  her  rectal  pain  was  not  considered  significant. 

C.\i^E  2 

The  following  exemplifies  a  po.-<itive  amytal  test  in  a  44  year  old  naval  service- 
man. There  was  a  two  year  history  of  fatigue,  gastrointestinal  complaints,  and 
diminished  efficiency  in  his  work.  An  electroencephalogram  had  been  reported 
as  normal  and  psychological  tests  had  given  no  clear  indication  of  organicity. 
He  was  tested  on  June  7, 1960,  shortlj^  after  his  admission  to  the  National  Naval 
Medical  Center  at  Bethesda,  INIaryland. 

Pre  Drug  Interview 

What  IS  your  mai)i  trouble? 
Stomach  aches,  dark  stools,  feel  tired,  let  down  all  the  time. 

What  is  the  full  name  of  this  place? 

Navy  ]\Iedical  Center,  Bethesda  Naval  Hospital. 

Where  is  it  located? 
Bethesda  outside  of  Washington. 

Have  you  been  here  before? 
No. 

Have  you  been  in  any  other  hospital  with  this  name? 
No. 

Now,  how  far  is  this  place  from  your  home? 

I  live  in  Miami,  that's  where  my  wife  is,  1400  miles. 

Do  you  know  who  I  am? 

Yes.  Dr.  Weinstein.  I  think  you  said  you  were  a  consultant. 

Have  you  seen  me  before? 
I  don't  think  so. 

What  did  you  do  yesterday? 
Laid  around,  watched  T.V. 
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11  ■//((/  /.s  the  date  today? 
Sixth  or  s('\cntli  of  .luiio,  19()0. 

WJuif  time  is  it  now/ 
Must  be  around  3  o'clock.  iCoiicct) 

Post  Dniij  Interrieio 

Ho  wa.s  giN'cn  a  total  of  0.4  Gin  of  ainytal  sodium.  Nystuf^mus  a])])('aix'd  after 
.01")  Gm.  Counting  terrors  weic  made  early  but  were  self-corrected  until  he  had 
received  .025  Gm.  His  voice  became  dysarthric  at  .035  Gm  and  he  was  moder- 
ately di'owsy.  The  subsequent  ciuestioning  was  as  follows: 

What  is  your  main  trouble? 
Getting  out  of  this  chicken  outfit  with  money  to  swing  what  he  wants  to. 

What  is  your  main  trouble? 

Guess  the  desire  to  be  24  years  old  and  I'm  44. 

What  is  the  full  name  of  this  place? 
U.S.  Navy  (unintelligible). 

What  is  the  full  name  of  this  place? 
]Medical  Center,  Charleston. 

Where  is  it  located? 
West  and  a  little  north. 

How  far  is  your  home  from  here? 

About  400  miles.  (This  is  approximate  distance  between  Miami  and  Charles- 
ton, S.C.) 

What  did  you  do  yesterday? 
Jumped  around  out  there.  Helped  the  boys  dispose  of  things. 

What  did  you  do? 

(Yawn.)  Up  the  peninsula  a  little  way  running  agricultural  control  for  some- 
body. 

Do  you  know  who  I  am? 

Head  shrinker  type.  From  St.  Elizabeth's. 

Who  am  I? 

Head  shrinker  they  say.  From  down  the  river. 

Ever  seen  me  before? 
Nope. 

What's  the  date  today? 
Seventeenth  of  .Time,  1958. 

What  time  is  it  now? 
2100  hours  or  a  little  later. 

What  time  is  it? 
2100  hours. 

On  the  basis  of  denial  of  illness,  disorientation  for  i)lace,  a  confabulated  jour- 
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ney,  disorientation  for  year,  di>sorientation  for  time  of  ilay  and  niisidentifieation 
of  ]XM'son,  tlio  test  was  scored  as  4+  i)ositivc.  Two  yeai's  later  tlie  patient  re- 
turned to  the  hospital.  At  this  time  he  had  a  markedly  abnormal  electroen- 
(•e])halogram  and  a  pneumoencephaloi^jram  showed  maiked  dilatation  of  the 
venti'ieles  indicative  of  brain  atrojihy. 

Psychiatric  Aspects 

The  changes  in  language  produced  by  amytal  sodium  have  had  psychiatric 
applications.  The  Amytal  Test  has  been  useful  in  the  e\  aluation  of  the  effects  of 
electroshock  treatment  (EST),  serving  as  an  index  of  prognosis.  In  cases  of  de- 
pression and  other  mental  illnesses  treated  with  EST,  patients  who  showed 
marked  clinical  improvement  had  a  significantly  greater  number  of  positive 
amytal  tests  and  developed  positive  results  earlier  in  the  course  of  treatment 
than  patients  rated  as  unimproved  and  only  moderately  improved.  Moreover, 
the  positive  results  came  on  earlier  in  the  markedly  improved  group  appearing 
after  the  third  or  fourth  treatment.  After  the  usual  course  of  from  eight  to 
twenty-four  treatments,  the  Amytal  Test  becomes  negative  with  two  weeks  of 
the  last  convulsion. 

The  test  has  also  been  used  systematically  in  patients  hospitalized  for  mental 
illness  with  the  aim  of  distinguishing  subjects  with  affective  psychoses  from 
those  with  known  structural  brain  damage  (3) .  Of  ninety  people  tested  in  a 
state  hospital  and  a  private  psychiatric  institution,  there  were  six  positive  re- 
sults, all  1  +  .  In  three  of  these  subjects  signs  of  organic  brain  disease  were  subse- 
quently found. 

While  these  results  indicate  that  the  procedure  has  diagnostic  value,  there 
are  many  methodological  problems.  Psychotic  patients  may  deny  that  there 
is  anything  wrong  with  them  even  before  the  drug  is  given.  In  answer  to  the 
initial  "main  trouble"  query,  it  is  more  difficult  to  formulate  unhappiness  and 
social  alienation  than  it  is  some  physical  symptom.  A  number  of  schizophrenic 
patients  are  verbally  uncommunicative  and  others  refuse  to  take  the  test.  In 
those  who  consent  there  are  many  indications  of  fear  and  distrust.  Some  patients 
refuse  to  lie  down,  some  have  to  keep  one  foot  on  the  floor.  The  procedure  itself 
may  become  incorporated  in  a  fear  or  delusion  that  the  patient  will  be  killed. 
About  one-quarter  of  the  mental  hospital  patients  showed  marked  withdrawal 
during  the  test,  refusing  to  answer  questions  for  long  periods  or  mumbling  inco- 
herently. This  is  a  much  larger  proportion  of  withdrawal  reactions  than  in  the 
normal  controls  and  is  even  somewhat  higher  than  the  incidence  in  the  brain 
disease  group. 

Comment 

The  action  of  sodium  amytal  is  not  fully  understood  and  explanation  involves 
physiological,  perceptual,  symbolic,  and  motivational  factors.  Operationally 
one  is  dealing  with  language  and  adaptation  to  stress.  A  useful  formulation  is  the 
idea  of  an  altered  mode  of  interaction  in  the  environment  affecting  the  patterning 
of  symbolic  elements.  Much  of  what  is  said  to  the  patient  is  interi)reted  in  a  dif- 
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I'ereiit  context  of  lanjj;u;ijie.  When  lie  luislocatcs  tlic  hospital  to  a  place  near  his 
home  he  has  not  simply  t'oi'^otten  the  correct  address  but  is  using  the  change  in 
an  idiosyncratic,  selective  fashion  to  express  personal  motives  and  preoccupa- 
tions. The  language  represents  not  only  deficits  but  adaptive  processes.  In  both 
the  brain  diseased  and  normal  groups,  the  adaptation  involves  the  incorporation 
of  symbolic  elements  into  such  socially  organized  idioms  as  cliches,  puns,  mala- 
propisms,  and  stereotyped  phrases.  Although  a  common  mode  of  action  exists, 
the  groups  of  brain-injured  and  normals  can  be  differentiated  on  a  quantitative 
statistical  basis  and  hei'ein  lies  the  value  of  the  Amytal  Test  as  a  diagnostic  aid 
and  research  method. 
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The  use  of  the  sodium  amytal  as  a  diagnot^tio  techni(]ue  is  not  limited  to  dis- 
covery of  clianges  in  mental  function  or  language  although  this  was  its  earlier 
application.  It  has  also  been  of  value  in  eliciting  perceptual  and  motor  deficits 
that  are  inconsjncuous  or  undiscovered  on  routine  clinical  testing.  Existing  defi- 
cits are  accentuated  and  previous  defects  which  have  cleared  may  reappear. 

Test  Proeecliires 

The  procodiu-es  are  similar  to  tlie  amytal  language  test  in  that  the  drug  is 
administered  in  the  same  fashion  and  identical  testing  is  ])erformed  before  and 
after  the  drug  is  given.  If  the  procedures  are  combined,  the  neurological  examina- 
tions are  done  after  the  verbal  questioning.  The  visual  field  examination  is 
usually  a  Ijrief  one  since  patients  may  not  be  cooperative  under  the  effects  of  the 
drug.  Under  these  conditions,  tachistoscopically  jiresented  pseudo-ischromatic 
plates  have  proven  to  be  valuable. 

Sensorjf  testing  is  usually  done  by  the  method  of  double  simultaneous  stimula- 
tion and  may  be  limited  to  testing  by  pin  jirick  and  touch.  Other  modalities 
may  be  tried  but  there  is  a]it  to  be  difficulty  in  securing  enough  cooperation  to 
provide  consistently  reproducible  results.  In  examining  for  motor  defects,  the 
patient  is  asked  to  extend  his  arms  in  supination  with  extended  fingers.  "Spoon- 
ing" or  partial  pronation  and  drift  of  the  out.'^tretched  hand  occurs  if  motor 
weakness  is  present.  The  drift  is  considered  significant  if  the  affected  limi) 
falls  at  least  several  inches.  The  Barre  maneuver  permits  similar  testing  of  the 
lower  extremities. 

Case  Report 

A  49  year  old  right-handed  man  awoke  on  Ajiril  3rd  to  find  his  left  arm  "weak 
and  uncontrollable;"  there  was  improvement  after  several  hours.  On  April  7th 
he  again  noted  weakness  of  the  left  hand  and  had  a  grand  mal  seizure.  Postictally 
he  had  a  left  hcmiparesis  and  a  left  plantar  extensor  sign  which  cleared  during 
the  next  few  days.  The  rest  of  the  neurologic  examination  was  normal.  Right 
carotid  arteriogram  and  PEG  showed  some  shift  of  the  ventricular  system  to 
the  left  but  was  not  diagnostic  and  did  not  serve  to  localize  the  lesion.  EEG  on 
April  9th  showed  asymmetry  in  parieto-occipital  leads  with  more  slow  activity 
and  increased  voltage  on  the  right.  He  was  re-admitted  on  May  22nd  because 
the  EEG  showed  increased  slow  electrical  activity  over  the  right  hemisphere. 
Neurological  examination  disclosed  no  field  defect  (to  2  mm  red  test  object)  or 
hemi-inattention.  He  had  difficulty  doing  fine  movements  in  the  left  foot. 
There  was  no  sensorj^  loss  of  touch,  pin  prick,  position  sense,  stereognosis,  figure 
writing,  or  two-point  discrimination. 
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().")  dm  of  sodium  amytal  was  injected  intravenously  on  June  2n(l  until  slight 
(lysat  thria  and  nystagmus  appeared.  Tender  these  conditions,  testing  with  2  mm 
red  test  objects  elicited  a  left  temporal  field  defect.  There  was  extinction  of  the 
left  hand  on  both  face-hand  and  leg-hand  touch.  Double  simultaneous  pin  pi  ick 
was  extinguished  on  the  left  hand.  There  were  bilateral  errors  in  position  sense 
and  two  point  discrimination  but  otlier  sensory  modalities  were  intact.  There 
was  also  drift  of  the  left  upper  extremity.  At  operation  on  June  26th  a  reddish 
gray  cystic  tumor  involving  the  right  parietal  lobe  was  found.  Subsequently  the 
patient  died  of  pulmonary  embolus  and  examination  of  the  brain  revealed  a 
metastatic  adenocarcinoma. 

Comment  and  Summary 

This  case  illustrates  the  value  of  the  procedure  in  eliciting  a  visual  field  defect 
and  hemisensory  loss  contralateral  to  the  lesion  not  evident  under  ordinai  y  condi- 
tions of  testing.  It  was  of  interest  that  no  change  in  language  resulted. 

A  systematic  study  by  Teng  and  Bender  (1)  of  100  patients  with  intracranial 
and  spinal  cord  disease  illustrates  the  use  of  the  procedure  in  eliciting  motor 
defects.  The  most  marked  changes  occurred  in  cases  of  brain  tumor  and  cerebral 
vascular  disease  involving  the  motor  area  while  no  weakness  was  produced  in 
tumors  of  the  pituitary  fossa  and  eighth  nerve  or  in  cases  of  multiple  sclerosis 
without  bulbar  involvement. 

The  intravenous  amytal  test  is  a  useful  clinical  diagnostic  tool  providing  more 
clear  cut  evidence  of  perceptual  and  motor  defects  in  patients  with  disease  of 
the  central  nervous  system.  The  temporary  alteration  of  function  induced  by  the 
barbiturate  has  permitted  focal  defects  otherwise  latent  to  become  accessible 
for  diagnosis  and  prognosis.  The  development  of  these  focal  signs  may  be  the 
first  evidence  of  localization  and  the  presence  of  significant  organic  disease.  The 
patient  with  clinical  evidence  of  recovery  may  show  recurrence  of  signs  under 
amytal  and  the  degree  of  functional  impairment  can  thus  be  further  assessed. 
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In  the  two  previous  articles  it  was  pointed  out  that  intravenous  injection  of 
drugs  (sodium  araytal)  may  bring  out  deficits  which  are  not  manifest  on  routine 
examinations.  Similarly,  the  elevation  of  body  temperature  may  also  bring  out 
latent  deficits. 

Although  the  signs  and  symptoms  of  many  diseases  of  the  nervous  system 
increase  in  number  and  severity  when  the  body  temperature  is  elevated,  the 
effect  is  most  marked  in  cases  of  multiple  sclerosis.  Nelson  and  McDowell  stated 
that  ".  . .  the  appearance  of  multiple  signs  when  the  body  temperature  is  ele- 
vated between  0.5  degree  F.  and  2.5  degrees  F.  speaks  in  favor  of  this  diagnosis" 
i.e.,  multiple  sclerosis  (1).  At  this  institution  induced  hyperthermia  (hot  bath 
test)  has  been  used  as  a  diagnostic  test  for  this  disease  for  the  past  fifteen  years. 

Diagnosis  of  Multiple  Sclerosis 

The  diagnosis  of  multiple  sclerosis  is  primarily  a  clinical  one  although  labora- 
tory and  other  studies  are  useful  to  exclude  other  entities.  Two  of  the  most 
important  clinical  criteria  are: 

1.  A  history  of  remissions  and  exacerbations  frequently  upon  a  background 
of  chronic  and/or  progressive  disability. 

2.  Signs  and/or  symptoms  suggesting  the  involvement  of  multiple  anatomic 
loci;  i.e.,  dissemination. 

The  hot  bath  test  has  its  greatest  value  in  uncovering  such  nuiltiple  areas  of  in- 
volvement. The  following  illustrates  the  performance  and  interjiretation  of  the 
test. 

Case  Report 

A  fifty-two  year  old  man  (unit  j^230162)  was  admitted  to  The  Mount  Sinai 
Hospital  in  September,  1963  because  of  progressive  weakness  of  his  right  arm 
and  leg.  In  1958  he  first  noted  easy  fatigability  of  his  right  leg;  in  1960  his  right 
arm  was  easily  fatigued;  in  1962  he  developed  a  limp  and  was  having  difficulty 
using  his  right  hand. 

The  positive  neurologic  findings  were  a  moderately  severe  paresis  of  the  entire 
right  arm  and  leg  with  increased  deep  tendon  reflexes,  a  right  Babinski  sign,  as 
well  as  defective  gait  and  coordination  on  that  side.  No  atrophy  or  fasiculations 
were  noted.  There  was  no  facial  weakness.  Mental,  cranial  nerve,  and  sensory 
examinations  were  normal. 

The  initial  clinical  impression  was  that  he  had  a  lesion  involving  primarily 
the  upper  motor  pathways  but  the  precise  location  (spinal  cord,  brainstem,  or 
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ccrchmiii  I  was  unknown.  A  left  |);irasagittiil  cci'chral  Ic-ion  svifh  as  a  Micnifj;!- 
oma  wu.s  considered  a  distinct  possibility. 

All  routine  and  special  laboratory  examinations  were  normal.  These  included: 
a  CSF  exam,  skull  and  cervical  spine  x-rays,  EEG,  left  carotid  arteriogram,  left 
brachial  artci'iogram,  myelogram  and  mycloencephalogram.  Although  the  case 
was  atypical  for  multiple  sclerosis,  the  battery  of  noi'mal  studies  suggested  that 
possibility  by  exclusion,  and  a  hot  bath  test  was  performed. 

The  patient  was  examined  while  reclining  in  an  emi)ty  bath  tub.  His  oral 
temperature  was  recorded.  The  entire  neurologic  examination  was  performed 
with  special  emphasis  upon  visual  and  oculomotor  functions.  The  bathtub  was 
then  filled  to  the  nipple  line  with  tepid  water.  Gradually  the  bath  temperature 
was  increased  until  just  within  tolerable  limits.  Repeated  oral  temperature 
readings  were  taken.  As  his  temperature  increased,  the  neurologic  examinations 
were  repeated.  For  this  patient,  as  for  most,  new  positive  findings  appeared  by 
102°  and  were  marked  by  104°F.  In  fact,  many  tests  can  be  terminated  at  a 
considerably  lower  temperature.  The  new  findings  appeared  as  follows: 

102°F — Patient  complained  of  "blurred  vision."  This  was  present  only 
with  the  left  eye  when  each  was  tested  separately.  Testinfj  with  2  mm 
red  tarjjets  did  not  reveal  a  visual  field  deficit.  Marked  horizonal  nystag- 
mus on  both  lateral  gazes,  left  greater  than  right,  was  also  present. 

104°F — Complained  of  numbness  in  fingers  of  left  hand  and  was  un- 
able to  move  right  hand  or  leg.  Visual  testing  now  revealed  a  central 
scotoma  in  the  left  eye. 

The  bathtub  was  then  emptied  and  as  the  patient's  temperature  returned  to 
normal  the  induced  findings  disappeared. 

The  central  scotoma  suggests  an  optic  nerve  lesion  and  in  this  patient  is 
evidence  of  a  disseminated  process.  The  nystagmus  suggests  a  posterior  fossa 
lesion  but  since  the  motor  findings  might  also  result  from  such  a  lesion  it  cannot 
be  used  as  definite  evidence  for  dissemination.  Since  the  left  hand  numbness 
could  be  the  result  of  a  brainstem  or  spinal  cord  process  it  also  is  not  proof  of 
multi])le  involvement.  If,  however,  the  initial  clinical  course  had  supported  a 
spinal  cord  lesion,  then  both  the  central  scotoma  and  the  nystagmus  would  have 
supported  a  disseminated  process.  In  summary,  the  positive  "hot  bath  test"  un- 
masked presumably  asymptomatic  lesions  which  by  the  nature  of  their  dis- 
tinctly separate  localizations  support  the  diagnosis  of  multiple  sclerosis. 

In  selected  cases  the  procedure  can  also  be  used  to  intensify  and  verify  un- 
certain clinical  findings.  Thus,  an  equivocal  Babinski  sign  in  a  patient  with  an 
apparent  reti'oljulbar  neuritis  may  become  clearly  positive  with  hyperthermia. 
An  important  clinical  consideration  is  the  possibility  that  an  acute  exacerbation 
in  multiple  sclerosis  may  be  the  result  of  a  treatable  infection  and  its  accompany- 
ing febrile  response.  Another  interesting  observation  which  also  has  possible 
therapeutic  implications  is  the  finding  that  mild  hypothermia  can  produce  sig- 
nificant (but  only  transient!  clinical  improvement  in  multiple  sclerosis  (2). 
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Mechanism  of  the  Hot  Bath  Test 

The  mechanism  of  the  hot  bath  test  is  unknow  n.  The  following  considerations 
however,  suggest  a  possibility.  A  central  scotoma  is  a  common  finding  in  multi- 
ple sclerosis  and  is  believed  to  be  due  to  an  optic  nerve  lesion.  Not  infrequently 
this  sign  may  only  become  manifest  during  induced  hyperthermia.  It  would 
appear  that  the  lesion,  though  present,  can  be  asymptomatic  at  the  usual  body 
temperature.  Consequentl}',  whatever  the  mechanism  responsible  for  the  hot 
bath  test  is,  it  may  operate  in  nerve  fibers  (optic  nerve  in  this  case)  and  may  not 
necessarily  directly  involve  synapses  or  complicated  neural  circuitry.  Since  the 
only  known  physiologic  function  of  a  nerve  fiber  is  the  conduction  of  impulses 
it  seems  reasonable  that  this  process  may  somehow  be  altered.  In  support  of 
this,  recent  experiments  with  a  single  isolated  nerve  fibers  by  the  author  (to  be 
published)  have  shown  that  impulses  are  able  to  "jump  over"  small  lesions  at 
one  temperature,  but  fail  to  do  so  at  very  slightly  higher  temperatures. 
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Neuroendocrinology 

HOWARD  P.  KRIEGER,  M.D. 
New  York,  N.  Y. 

Neuroendocrinology  is  the  study  of  the  intel■^eh^tionships  between  the  func- 
tions of  tlie  central  nervous  system  and  the  endocrine  organs.  Clinically  this  dis- 
cipline is  in  its  infancy  although  its  physiologic  counterpart  is  relatively  well 
developed. 

Anatomic  and  physiologic  studies  have  provided  the  basic  concepts  of  these 
interrelationships.  In  essence,  the  limbic  system  or  visceral  brain  (anterior 
temjioral  lobe,  amygdala,  hippocampal  system,  fornix,  septal  area)  has  been 
shown  to  have  a  two-way  (or  reciprocal)  anatomic  and  physiologic  relationship 
with  the  hyi)othalamus.  There  are  also  reciprocal  anatomic  pathways  connecting 
the  hypothalamus  with  the  brainstem  and  .spinal  cord.  These  ascending  and 
descending  jmthways  converge  and  their  effects  are  integrated  in  the  hypo- 
thalamus which  contains  secretory  neurons  in  many  ways  analogous  to  the  an- 
terior horn  cells  of  the  spinal  cord.  That  is,  these  secretory  neurons  are  a  type  of 
final  common  pathway,  the  chemical  products  of  which  are  secreted  into  blood 
vessels  instead  of  at  neuromuscular  junctions. 

These  secretory  neurons  are  of  two  types.  One  produces  chemicals  (so-called 
releasing  factors)  which  are  secreted  into  special  portal  blood  system  and  carried 
by  it  from  the  hypothalamus  to  the  anterior  pituitary.  Here  these  various  re- 
leasing factors  act  to  result  in  secretion  of  the  various  trophic  hoi'mones,  there 
apparently  being  one  releasing  factor  for  each  trophic  hormone.  The  trophic 
hormones  in  turn  excite  the  appropriate  target  organs  of  the  endocrine  system. 
The  secretory  products  of  the  various  endocrine  glands  in  turn  act  on  the  hypo- 
thalamus and  possibly  on  other  parts  of  the  central  nervous  system  in  a  regula- 
tory capacity.  For  example,  the  cerebrum  may  excite  the  hypothalamus  which 
excites  the  release  of  ACTH  from  the  pituitary.  This  activates  the  adrenal 
cortex,  some  of  the  products  of  which  act  to  dampen  the  hypothalamic  release 
of  corticotropin  releasing  factor  and  thereby  reduce  ACTH  release. 

The  second  type  of  hypothalamic  secretory  neuron  has  its  cell  body  in  the 
anterior  hypothalamus  (supraoptic  nucleus)  while  its  axon  ends  in  the  posterior 
pituitary.  Secretory  granules  (probably  ADH  or  antidiuretic  hormone)  are 
formed  in  the  cell  body,  pass  down  the  axon,  and  are  stored  in  the  ends  of  the 
axons  in  the  posterior  pituitary  gland  from  which  ADH  is  secreted  in  response 
to  the  appropriate  stimulus. 

The  clinical  expressions  of  derangements  in  this  complex  nervous-endocrine 
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integration  system  luv  in  the  early  stages  of  definition.  For  the  r.eu;  ologist,  these 
derangements  may  be  considered  under  four  headings : 

1.  Cerebral  dysfunction  leading  to  endocrine  dysfunction. 

2.  Hypothalamic  dysfunction  leading  to  endocrine  dysfunction. 

3.  The  pituitary-chiasmatic  syndrome. 

4.  Endocrine  dysfunction  leading  to  central  nervous  system  dysfunction. 

Each  of  these  categoi'ies  will  be  briefly  described  in  regard  to  central  nervous 
system  symptoms  and  endocrine  symptoms.  The  apj^'opriate  clinical  or  labora- 
tory tests  available  for  each  disorder  will  be  indicated.  The  tests  of  endocrine 
function  will  also  be  summarized  in  tabular  form  (Table  1). 

Cerel>ral  diseases  leading  to  endocrine  disorder  are  at  present  poorly  defined. 
In  our  laboratories  we  have  recently  shown  that  the  circadian*  patterns  of 
plasma  17-hydroxycorticoids  may  be  abnormal  in  disease  of  restricted  parts  of 
the  nervous  system.  Circadian  variation  in  plasma  17-OHCS  is  a  normal  and 
stable  phenomenon  for  the  most  part  under  control  of  the  central  nervous  sys- 
tem. Disease  in  the  temporal  lobe  and  limbic  system  may  disrupt  the  patterns 
of  daily  variation  in  the  i)lasma  17-OHCS.  This  disruption  may  be  the  only 
indicator  of  endocrine  dysfunction  in  patients  with  disease  in  these  areas  (see 
circadian  A\ariation  in  plasma  17-OHCS  below). 

Hypothalamic  syndromes  also  present  varying  combinations  of  neurologic 
and  endocrine  dysfunctions.  The  particular  symptoms  vary  in  part  with  the  area 
of  the  hyjiothalamus  affected  as  well  as  with  the  etiology  of  the  disease. 

The  more  connnon  symptoms  of  hypothalamic  disease  are:  visual  field  changes 
indicating  chiasmatic  or  even  optic  tract  disorders,  seizures,  syncope,  somnolence, 
anorexia,  obesity  and  hyperjihagia,  sleep  disturbances,  temperature  disturbances, 
diabetes  insipidus,  changes  in  libido  and  menses,  disruption  of  the  plasma  17- 
OHCS  circadian  patterns,  and  precocious  puberty  (see  below) . 

Tumors  of  the  hypothalanuis  and  the  third  ventricle,  in  addition  to  local 
destruction,  can  alter  intracranial  pressure  and  produce  the  symptoms  and  sign 
of  hydrocephalus.  Masses  (including  granulomas)  of  the  interpeduncular  fossa 
can  affect  the  hypothalamus,  as  can  parasellar  aneurysms  of  the  internal  carotid 
artery.  On  rare  occasions  the  hypothalamus  may  be  the  major  site  of  a  viral 
encephalitis. 

The  patient  with  signs  and  symptoms  suggesting  hypothalamic  disorder  should 
be  studied  with  lumbar  puncture,  arteriography,  pneumoencephalography,  and 
electroencephalography.  The  following  determinations  should  be  made:  17- 
ketosteroids,  corticosteroids,  estrogens,  protein  bound  iodine,  thyroid  stimulating 
hormone,  gonadotropins,  electrolytes,  and  Hickey-Hare  test  for  diabetes  in- 
sipidus. 

Precocious  imherty,  especially  in  males,  may  occur  in  posterior  hypothalamic 
and/or  pineal  disease,  especially  tumors.  In  the  course  of  such  tumors,  pre- 
cocious puberty  may  be  associated  with  symptoms  of  a  deep  midline  space- 

*  A  circadian  ])atforn  is  forincci  by  a  sequence  of  events  or  laboratory  values  which  repeats 
itself  every  twenty-four  hours. 
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occupying  mas.s  including  papilledema,  paresis  of  upward  gaze,  loss  of  pui)illary 
light  reflex,  vertical  nystagmus,  and  various  parts  of  the  hyjiothalmic  syndrome 
(see  above).  In  the  course  of  adrenal  tumor,  adrenal  hyperplasia  or  ovarian 
tumor  associated  with  pi'ecocious  puberty  there  are  no  central  nervous  system 
signs  or  symptoms. 

Aldosterone  excretion  in  the  urine  may  be  disturbed  in  disease  of  the  pos- 
terior hypothalamic-pretectal  area.  This  may  be  demonstrated  by  aldosterone 
determinations  and  by  evaluating  the  degree  of  the  rise  in  aldosterone  in  re- 
sponse to  salt  restriction. 

There  are  three  special  tests  available  to  aid  in  assessing  pituitary-hypotha- 
lamic  function.  These  are: 

a)  Metopirone®  (SU-4885)  Test:  This  drufi,  by  damping  the  feedback  control  of  ACTH 
production,  should  lead  to  a  rise  in  urinarj'  17-OHCS  iirovided  the  pituitary,  hypothalamus 
and  adrenal  cortex  are  normal.  If  the  latter  is  normal  (as  shown  by  ACTH  test)  and  there 
is  no  rise  in  urinary  17-OHCS  upon  Metopirone  administration,  pituitary  hypothalamic 
disease  may  be  suspected.  In  our  experience,  the  Metopirone  test  becomes  positive  only 
after  other  indices  of  hyjiothalamic  dy.sfunction  indicate  abnormality  and  so  is  of  limited 
value. 

b)  Dexnmethasone  Suppression  Test:  This  drug  leads  to  a  fall  in  adrenocortical  ac- 
tivity by  suppressing  the  hypothalamic  mechanism  leading  to  ACTH  production.  If 
ACTH  production  is  autonomous,  as  in  phy.<iologically  active  hypothalamic,  pituitary,  or 
adrenal  tumors,  Dcxamethasone  suppression  does  not  occur.  To  evaluate  the  meaning  of 
this  test  the  function  of  the  adrenal  cortex  must  be  fully  assessed.  We  have  found  this 
test  of  doubtful  value  in  arriving  at  a  diagnosis  of  central  nervous  system  disease. 

c)  Circadian  variation  in  plasma  17-OHCS:  The  circadian  pattern  is  determined  by 
measuring  the  plasma  17-OHCS  at  8  a.m.,  noon,  4  p.m.  and  10  p.m.  The  normal  response 
is  a  progressive  decrease  in  the  plasma  17-OHCS  values  from  8  a.m.  to  10  p.m.  Starting 
about  4  a.m.  the  17-OHCS  values  begin  to  rise,  reach  a  peak  about  8  a.m.,  and  then 
start  the  daily  decline.  This  circadian  pattern  may  be  significantly  disrupted  in  hypo- 
thalamic disease.  It  may  also  be  disrupted  in  temporal  lobe,  limbic  system,  and  pituitary 
disease. 

The  pituitary-chiasmatic  syndrome  consists  of  a  combination  of  hypo-  or 
hyperpituitarism  and  visual  field  defects.  This  combination  is  the  result  of  the 
juxtaposition  of  the  chiasm  and  pituitary  gland  rather  than  a  causal  relationship 
between  the  two  structures.  Most  commonly  the  syndrome  arises  in  the  course  of 
a  neoplasm  of  the  pituitary.  Occasionally  it  may  arise  from  any  other  type  of 
mass  in  this  area,  e.g.,  meningioma,  aneurysm,  metastasis,  chordoma.  At  times 
there  is  a  concomitant  parasellar  syndrome.  That  is,  the  structures  lying  just 
lateral  to  the  sella  may  be  affected,  giving  rise  to  oculomotor  palsies  or  temporal 
lobe  seizures. 

The  most  common  type  of  visual  field  defect  in  this  .syndrome  is  a  bitemporal 
hemianopia.  At  times  this  may  involve  only  the  central  fields  rather  than  the 
peripheral  vision.  The  bedside  techniques  useful  for  demonstrating  such  defects 
are  described  in  another  section  of  this  monograph. 

The  various  endocrine  manifestations  will  be  discussed  below,  under  disorders 
of  the  anterior  pituitary  gland. 

The  clinical  evaluation  of  patients  with  this  syndrome  should  include  visual 
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fields,  lumbar  puncture,  pneuinoenceiihalogniphy,  arteriography,  elcctroeTiccpli- 
alograjjliy,  and  an  endocrine  (^valuation  (Table  1). 

Endocrine  disorders  with  central  nervous  system  niunilestations  (-oHipi  isc 
a  large  group  which  w'lW  here  be  described  in  outline: 

Anterior  pituitary 

CISS  Manifestations:  In  course  of  Neoplasin :  bitemporal  visual  field  defects, 
seizures,  oculomotor  palsies,  headaches.  In  ArroiNc^idly :  headaches,  root 
pains,  plus  above.  In  Cushing's  Syndrome:  confusion,  psychosis;  occa- 
sionally associated  hyperpigmentation  and  signs  of  pituitary  neoplasm. 
In  Sim7nond's  Disease:  psychosis,  generalized  weakness,  emaciation.  In 
Sheehan's  syndrome:  chronic,  panhypojjituitarism ;  acute,  may  have  vaso- 
motor collapse.  In  Anorexia  nervosa:  no  signs  of  CNS  disease.  Symptoms 
of  hyjiothyroidism  and  hypoadrenocorticism  may  appear  in  pituitary  hypo- 
function  due  to  any  cause. 

Tests:  Visual  fields,  lumbar  punctui'e,  angiography,  pneumoencephalography, 
EEG.  Endocrine,  see  Table  I. 

Posterior  pituitary 

CNS  Manifestations:  In  case  of  hypofunction,  if  severe,  dehydration  with 
confusion;  diabetes  insipidus  may  occur  as  part  of  head  trauma  syndrome. 

Tests:  Urine  specific  gravity,  effects  of  antidiuretic  hormone,  Hickey-Hare 
test. 

Inappropriate  secretion  of  antidiuretic  hormone  (ADH)  may  occur  in  a 
number  of  central  nervous  system  and  possibly  even  in  peripheral  nervous 
system  disorders.  This  syndrome  is  characterized  by  evidence  of  disease 
of  the  nervous  system  (most  commonly  diffuse  cerebral  dysfunction  vary- 
ing from  a  mild  organic  mental  syndrome  to  coma).  At  the  same  time 
there  is  water  intoxication  associated  with  hyponatremia.  Along  with  the 
hyponatremia,  there  is  hypertonic  urine.  Hypertonic  saline  infusions  ag- 
gravate the  condition.  Water  restriction  alleviates  the  symptoms.  This 
syndrome  may  represent  posterior  pituitary  hyperf unction.  The  appro- 
priate laboratory  tests  are:  determinations  of  serum  sodium,  serum  os- 
molality, urine  osmolality,  and  urinary  sodium.  To  establish  the  diagnosis 
it  is  also  necessary  to  eliminate  renal  and  adrenal  disease  as  the  cause  of 
abnormal  salt  and  water  metabolism. 

Adrenal  cortex 

CISS  Manifestations:  In  course  of  Cvshing's  si/ndrome:  psychosis.  In  course 
of  Addison's  syndrome:  irritability,  occasional  seizures  (hypoglycemia).  In 
course  of  Waterhouse-Friedrickson's  syndrome  (Meningococcemia)  acute 
adrenal  cortical  failure.  In  course  of  Aldosteronism  (excessive  production 
of  aldosterone):  hypertension,  intermittent  cramps  and  muscle  pains, 
weakness,  tetany,  paralysis,  polyuria.  Aldosterone  excretion  may  be  dis- 
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turbed,  ])articiil;irly  in  the  face  of  dietary  salt  restriction,  in  cases  of  tumors 
in  the  region  of  the  pineal  gland. 

Tests:  Low  serum  potassium,  moderately  elevated  serum  sodium,  alkalosis, 
elevated  urinary  aldosterone,  EKG-changes  of  low  potassium. 

Adrenal  medulla 

CDIS  Manifestations:  In  course  of  medullary  hyperf unction:  periodic  head- 
aches, anxiety  state,  seizures,  vertigo,  paroxysmal  hypertension,  signs  of 
cerebral  hemorrhage. 

Tests:  Vanillyl  raandellic  acid  i  VMA)  and  catecholamines  (urinary).  Latter 
may  be  high  in  myasthenia  gravis  and  muscular  dystrophy.  VMA  may  be 
increased  where  catecholamines  are  normal.  VMA  may  be  elevated  in  neuro- 
blastoma. 

Pancreas 

Hypo  function — CNS  Manifestations:  In  course  of  Diabetes:  peripheral 
neuropathy,  myelopathy  and  encephalopathy. 

Hyper  function — C/VS  Manifestations:  Confusion,  seizures,  coma  in 
course  of  hypoglycemia,  paroxysmal  anxiety,  automatism. 

Tests:  Glucose  tolerance  (5  hour),  preferable  at  same  time  as  EEG.  Tol- 
liutamide  test. 

Thyroid* 

Hypo  function — C/VS  Manifestations :  Cretinism:  retarded  development, 
especially  mental.  Myxedema:  bradyphrenia,  confusion,  lethargy  or  agita- 
tion or  psychosis,  diffuse  weakness,  coma,  hypothermia.  Myotonia  may  ac- 
company myxedema. 

Tests:  See  Table  L  If  in  hypothroidism  thyroid  stimulating  hormone  (TSH) 
is  elevated,  the  disease  is  primary  to  the  thj^roid.  If  TSH  is  low,  the  disease 
is  of  pituitary  origin. 

Hyper  function — CNS  Manifestations:  Tremors  of  digits,  hyperkinesis, 
excitement,  exophthalamos,  exophthalamic  ophthalmoplegia,  convergence 
weakness;  muscle  weakness  (especially  anterior  thigh)  and  cramps,  myas- 
thenia gravis,  myopathy  which  if  acute  may  be  bulbar  in  type;  periodic 
paralysis  may  occur. 

*  Organic  iodine  compounds  used  in  neuroradiologic  contrast  studies  interfere  with  protein- 
bound  iodine  (PBI)  determination.  Hypaque  and  Diodrast  interference  lasts  3  to  7  days; 
Pantopaciue  and  Lipidol  for  6  months  to  5  years.  These  products  also  affect  the  radioactive 
iodine  uptake  (RAI).  Dilantin  may  induce  a  spuriously  low  PBI  without  hypothyroidism 
since  Dilantin  combines  with  thyroid  binding  globulin  and  interferes  with  its  acceptance  of 
thyroxin.  This  creates  a  situation  wherein  the  PBI  is  low,  the  Ta  uptake  is  high,  and  the  pa- 
tient is  euthyroid.  When  a  contrast  medium  such  as  Hypaque  or  Panotpaque  has  been  used, 
the  Ts  resin  test  can  be  used. 

If  a  radioactive  iodine  brain  scan  is  contemplated,  the  thyroid  must  be  evaluated  prior  to 
introduction  of  the  radioactive  iodine. 
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Tests:  FBI,  BMR,  LATS  (Long  acting  thyroid  stimulating  honnone)  in- 
creased in  cxophtlialmos.  TSII  normal  except  in  Grave's  Disease  due  to 
pituitary  neoplasia  and  in  hyperthyroidism  associated  with  acromegaly. 

Parathyroid 

Hypof unction — CISS  Manifestations:  Carpopedal  spasm,  convulsions, 
head  retraction,  neck  pain,  muscle  cramps,  Chovstek's  sign. 

Tests:  See  Table  1. 

Hyper  function — C/VS  Manifestations:  Diffuse  weakness,  mental  de- 
pression. 

Tests:  See  Table  1. 

Pseudohypoparathyroidism — CNS  Manifestations:  Mental  deficiency, 
tetanic  convulsion,  seizures;  calcification  of  basal  ganglia  in  person  of  short 
stature,  round  facies  with  a  short  digit  or  two,  thick  skull  and  cataracts. 
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WALTER  SENCER,  M.D. 

New  York,  N.  Y. 

The  standard  neurology  tcxtljooks  describe  the  technique  for  hunbar  punc- 
ture and  discuss  the  meaning  of  the  results.  This  section  presents  the  experi- 
ence at  The  Mount  Sinai  Hospital  particularly  where  it  differs  from  the 
classical  view. 

The  initial  cerebrospinal  fluid  (CSF)  pressure  is  obtained  while  the  patient 
is  lying  in  a  lateral  position  with  the  head  in  neutral,  flexion,  and  extension 
positions.  An  initial  pressure  of  over  200  millimeters  of  fluid  is  indicative  of 
intracranial  jiressure,  but  there  are  many  patients  with  oi)hthahnological  evi- 
dence of  papilledema  in  whom  the  increased  intracranial  pressure  is  not  re- 
flected in  the  manometric  reading.  Patients  with  large  mass  lesions  diagnosed 
by  angiography  with  major  shifts  of  the  anterior  cerebral  arteries  have  been 
found  to  have  normal  manometries.  In  our  experience,  comjjaring  the  final  to 
initial  CSF  pressures  (Ayala  index)  is  not  an  accurate  indicator  of  the  amount 
of  residual  CSF  and  therefore  such  readings  are  no  longer  taken.  Three  to  five 
centimeters  of  CSF  is  collected  and  the  fluid  is  jirocessed  for  cells  and  protein 
and,  as  indicated,  for  sugar,  culture,  viral,  or  inmiunological  studies.  Serologic 
tests  of  the  CSF  are  of  value  in  determining  syjihilis  of  the  central  nervous 
system  but,  for  the  most  part,  blood  serology  tests  are  of  greater  value  in  rou- 
tine testing  for  syphilis. 

Indications 

Lumbar  puncture  is  a  valuable  diagnostic  test  and  should  be  performed  in 
every  neurological  problem.  There  are  no  neurological  contraindications. 
Cushing  stated  that  a  lumbar  puncture  can  be  dangerous. 

One  characteristic  of  the  brain  untler  pressure  is  the  tendency  to  herniate  through  a  cranial 
defect,  and  as  there  is  normally  an  opening  at  the  foramen  magnum,  a  certain  degree  of 
protrusion  is  usually  present  there.  In  the  pre.sence  of  such  conditions  the  withdrawal  of 
cerebrospinal  fluid  from  the  spinal  meninges  by  a  lumbar  puncture  is  often  hazardous  and 
it  may  tend  to  a  sudden  wedging  of  the  bulb  in  the  opening,  with  anemia  and  paralysis  in 
the  vital  centers. 

Cushing's  concept  has  persisted  in  many  institutions  but  experience  at  this 
hospital  has  been  contrary  to  his  dictum.  Although  hundreds  of  such  taps  have 
been  performed  without  apparent  harm,  87  patients  with  papilledema  who  had 
lumbar  puncture  were  studied.  In  no  instance  was  a  patient  with  a  space  oc- 
cupying lesion  harmed  by  the  lumbar  puncture.  The  value  of  this  test  was 
noted  in  the  18  patients  with  "non-operative"  conditions  in  which  the  CSF 
findings  assisted  in  diagnosis  and  management.  Twelve  of  these  patients  suf- 
fered from  pseudopapilledema,  serous  meningitis,  lead  poisoning,  torulosis,  or 
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suliaracliiioid  licinoi  rliage.  The  ivinaining  six  were  discharged  uii<liagnosed 
after  angiograpliy  and/or  pneumoenceplialograpliy  revealed  no  demonstrable 
pathology.  The  lumbar  puncture  is  now  performed  in  all  such  patients  espe- 
cially since  the  alternative  procedure,  the  ventricular  tap,  has  hazards  greater 
than  those  of  lumbar  jiuncture. 

The  only  contraindication  to  lumbal'  puncture  is  the  presence  of  infection  of 
tissues  at  the  site  of  entry.  Occasionally  direct  entry  into  the  spinal  canal  is 
blocked  by  bony  abnormalities.  An  oblique  approach  from  IY2  to  2  inches 
lateral  is  often  successful  in  such  instances.  Cisternal  puncture  (in  the  high 
cervical  region)  is  the  alternative. 

Diagnostic  Value  «)1  the  Lumhar  Puneture 

In  all  cases  in  which  the  localization  of  [lathology  is  in  the  spinal  canal  a 
Queckenstedt  test  is  performed  with  the  head  in  three  positions,  that  is,  mid- 
position,  acute  flexion,  and  hyperextension.  Occasionally  when  a  spinal  sub- 
arachnoid block  exists  only  a  few  drops  or  no  spinal  fluid  at  all  is  obtained.  In 
such  cases  several  cubic  centimeters  of  pantopaque  should  be  injected  into  the 
space  for  outline  of  the  lesion  on  subsequent  x-ray.  It  is  important  to  have 
pantopaque  on  hand  since  it  is  thought  that  after  an  initial  lumbar  puncture 
there  is  increased  likelihood  of  a  subdural  injection.  A  series  of  four  hundred 
cases  were  reviewed  at  this  hospital  in  an  attempt  to  clarify  this  problem.  There 
were  however  too  many  factors  which  could  not  be  evaluated.  Invariably  most 
of  the  neurological  patients  presented  diagnostic  problems  and  the  spinal  fluid 
information  prior  to  pantopaque  myelography  was  an  essential  part  of  the 
diagnostic  work-up.  On  the  other  hand  on  the  neurosurgical  service  patients 
predominately  suffered  from  relatively  typical  cases  of  lumbar  sacral  radicu- 
lopathy. The  etiology  was  assumed  to  be  due  to  herniated  intervertebral  discs 
and  therefore  the  analysis  of  the  spinal  fluid  was  not  considered  essential.  There 
were  also  patients  who  had  no  previous  lumbar  punctvu-e  b\it  on  initial  puncture 
pantopaque  nevertheless  was  inadvertently  placed  subdurally  or  epidurally.  In 
spite  of  inconclusive  evidence  it  seems  to  be  preferrable  to  do  a  diagnostic 
lumbar  jiuncture  prior  to  injecting  pantopaque  for  contrast  study — except  in 
the  occasional  clear  cut  diagnostic  entity. 

Abnormal  CSF  Findings 

Color.  Comparison  with  a  similar  tube  of  water  against  a  white  background  is 
the  criterion  generally  used  for  deciding  if  cerebrospinal  fluid  is  "clear  and  color- 
less." Although  with  intracranial  hemorrhage  the  spinal  fluid  is  usually  bloody 
or  xanthochromic,  at  times  it  is  clear  for  the  first  24  to  48  hours  of  the  illness. 
When  a  traumatic  tap  is  suspected  the  fluid  is  collected  in  four  tubes  and  com- 
pared as  to  the  degree  of  blood  in  each.  One  tube  may  be  centrifuged  and  the 
supernatant  examined.  Also  a  drop  or  two  of  fluid  may  be  placed  on  a  white 
cloth  (towel  or  sheet)  and  the  stain  observed  as  it  spreads.  If  the  tap  is  trau- 
matic a  red  ring  will  remain  toward  the  center  while  a  clear  ring  spreads  out. 
Subdural  hematomas  usually  give  xanthochromic  fluid  but  in  many  instances 
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the  fluid  has  been  normal.  In  jaundiced  patients  the  fluid  may  be  xanthochromic 
due  to  bilirubin.  However  since  in  many  cases  it  is  often  colorless  such  pa- 
tients should  be  investigated  for  other  causes  of  xanthochromia. 

Cells.  Increase  in  lymphocytes  above  5  to  10  per  cubic  mm  is  abnormal.  This 
indicates  an  inflammation  either  bacterial,  viral  or  aseptic,  or  a  neoplastic  proc- 
ess— especially  blood  dyscrasias.  Pneumoencephalography  is  frequently  fol- 
lowed by  a  pleocytosis  and  at  times  quite  intense  cellular  reactions  have  been 
seen.  Rarely  malignant  cells  with  mitosis  have  been  found  and,  uncommonly, 
a  large  abnormal  polymorphonuclear  cell  has  been  reported  which  has  corre- 
lated with  meningocarcinomatosis,  chronic  inflammation  of  the  brain,  and 
chronic  obstruction  due  to  Arnold-Chiari  deformity. 

Protein.  Elevation  of  the  CSF  protein  is  a  frequent  finding  in  diseases  of  the 
nervous  system.  Conditions  including  infections,  Guillain-Barre  .syndrome  and 
neoplasm  all  elevate  the  CSF  protein.  Diseases  which  elevate  the  serum  globulin 
frequently  reflect  this  abnormality  in  the  CSF,  e.g.,  multiple  myeloma.  The  CSF 
gamma  globulin  has  also  been  found  elevated  in  multiple  sclerosis  in  the  pres- 
ence of  normal  serum  proteins.  It  is  frequently  stated  that  CSF  protein  is  ele- 
vated in  diabetic  patients  vrith  spinal  cord,  root  and/or  nerve  disease.  In  a 
series  of  192  patients  suffering  from  myeloradiculopathies  (not  peripheral  neu- 
ropathies), of  51  patients  who  had  laboratory  evidence  of  diabetes  mellitus, 
28  had  normal  cerebrospinal  fluid.  The  twenty-three  remaining  patients  had 
abnormally  elevated  CSF  levels  but  at  least  15  of  these  had  obvious  causes 
other  than  diabetes  for  the  elevated  CSF  j^rotein.  Of  the  141  patients  without 
e^-idence  of  diabetes  61  had  elevated  CSF  protein.  In  36  of  the  61  there  was 
obstruction  of  or  impingement  upon  the  spinal  canal.  In  13  of  the  61  there  was 
no  explanation  for  the  abnormal  CSF  findings.  The  analysis  of  this  data  did 
not  support  the  conclusion  that  the  findings  of  elevated  CSF  protein  in  a  pa- 
tient with  myeloradiculopathj'  should  suggest  the  presence  of  diabetes.  IMore- 
OA'er:  even  when  the  complete  triad  is  present  I  myeloradiculopathy,  diabetes, 
elevated  protein),  diabetes  does  not  necessarily  imderlie  the  others.  Such  a 
jiatient  is  more  likely  to  have  mechanical  encroachment  upon  the  spinal  canal. 

Therapeutic  Value  of  Lumbar  Puncture 

At  times  the  intrathecal  route  for  administration  of  antibiotics  is  employed 
in  certain  infections,  e.g.,  tuberculosis,  torulosis.  Recently  steroids  have  simi- 
larly been  given  in  patients  with  acute  multiple  sclerosis  and  generalized  poly- 
radiculopathy,  but  the  results  are  inconclusive  and  still  in  the  experimental 
stage.  However,  in  our  experience  we  have  noted  that  the  use  of  40  mg  of  Depo- 
]\Iedrol  has  been  quite  efficacious  in  diminishing  the  reaction  of  pneumoen- 
cephalography, pantopaque  myelography,  and  even  the  lumbar  puncture  itself. 
We  have  at  times  performed  repeated  lumbar  ]ninctuies  with  apparent  good 
results  in  patients  with  increased  intracranial  hypertension  of  an  unknown  cause. 
In  some  cases  of  intractable  pain  due  to  chronic  irritation  of  lower  spinal  roots 
v\ithout  evidence  of  intraspinal  pathology-  intrathecal  injections  of  Depo- 
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Medrol  may  bo  of  value.  It  is  especially  valuaMc  in  cases  of  pain  with  so  called 
"herniated  disc"  without  manifest  protrusion. 

Complioationi!( 

The  lumbar  puncture  is  almost  always  a  harmless  procedure.  A  nerve  root 
may  be  traumatized  upon  entry  of  the  needle  which  causes  transient  pain  down 
the  under  surface  of  the  leg.  The  most  common  sequel  to  lumbar  puncture  is 
headache  which  develops  during  the  first  twenty-four  hours  after  the  proce- 
dure and  may  last  a  week  or  even  longer.  Lying  flat  in  bed  after  procedure  may 
diminish  or  prevent  this  and,  as  mentioned  above,  an  injection  of  Depo-Medrol 
reduces  this  sequela. 


Coiil<'iii|)orary  Kle<*lr<)eii<'t'[)lial<)graj)liy 
An  Eiii|>ii'i<>ai  .\|>pr<»a<*h 

ROBERT  JAFFE,  M.D. 
Neir  York.  N.  Y. 

What  Can  the  EEG  Do? 

Many  people  have  ilhision.s  about  wlmt  electroencephalography  can  do.  Per- 
haps  because  so  few  jihysicians  have  direct  experience  with  it,  so  many  have 
distorted  ideas  of  its  utility.  A  frequent  statement  on  institutional  request 
forms  is:  "rule  out  organic  disease,"  or  "rule  out  epilepsy."  Obviously,  what  is 
often  expected  in  an  EEG  rejjort  is  a  diagnosis;  a  specific  answer  with  specific 
prognostic  and  therapeutic  implications. 

This  expectation  is  rarely,  if  ever,  realized.  The  EEG  is  only  one  of  many 
sources  of  data  for  clinical  management  and  diagnosis;  a  certain  level  of  ex- 
perience and  understanding  is  necessary  for  its  ])roper  and  efficient  use.  Like 
newer  techniques  such  as  radioactive  isotope  brain  scanning  and  sonoencepha- 
lography,  the  EEG  has  value  in  that  it  is  a  relatively  simple  and  painless  tech- 
nique and  adds  another  dimension  to  the  data  which  are  integrated  by  the 
neurologist  in  his  assessment  of  a  case.  This  technique  makes  possible  the  per- 
ce]ition  of  the  spontaneous  electrical  activity  of  the  brain.  The  EEG  monitors 
one  band  of  the  broad  spectrum  of  electrical  events  taking  place  in.  the  brain; 
this  band  being  determined  by  the  nature  and  jilacement  of  the  electrodes  and 
the  characteristics  of  the  amplifying  and  recording  devices.  Highly  localized 
cortical  neuional  and  dendritic  potentials  and  massive  cortical  DC  shifts  are 
equally  unavailalde  to  most  standard  recording  equiment.  Both  normal  and 
al)normal  activity  of  many  types  may  occur  in  the  depths  of  the  brain  and 
not  be  manifested  by  changes  in  potential  at  scalp  electrodes.  In  spite  of  these 
limitations,  valuable  information  about  the  electrical  aspects  of  brain  function 
can  be  recorded  in  the  EEG,  and  this  electrical  activity  has  been  shown  to  stand 
in  an  orderly  relationshij)  to  other  aspects  of  brain  function. 

Defining  the  Normal  EEG 

Over  the  years,  a  group  of  i)atterns  associated  with  "normal"  brain  function 
have  come  to  be  recognized,  i.e.  tracings  seen  in  persons  without  demonstrable 
brain  lesions  or  organic  dysfunction  as  determined  by  clinical  criteria.  At  the 
same  time,  we  have  built  up  an  empirical  classification  of  "atmormal"  records. 

From  the  Department  of  Neurology  and  Electroencephalography  Laboratory,  The  Mount 
Sinai  Hospital,  New  York,  N.Y.  Supported  hy  U.S.P.H.S.  Grant  NB— 05221. 

Electrode  placement.s  calculated  according  to  the  10-20  International  Sy.stem.  Designa- 
tions as  follows:  F  (frontal);  C  (central);  P  (parietal);  0  (occipital);  AT  (anterior  tem- 
poral); MT  (midtemporal) ;  PT  (posterior  temporal);  E  (ear-lobe  or  tragus);  V  (vertex, 
midcentral). 
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In  ffeii('i-;il,  certain  types  of  pattei'iis  correlate  with  other  indices  of  ori2;anic 
cerebral  dysfunction  to  a  very  high  degree  of  probability. 

It  has  often  been  statcfl  that  "abnormal  EEGs"  could  be  seen  in  as  much  as 
15  per  cent  of  the  "normal  po|)ulal ion."  There  is  an  inherent  contradiction  in 
such  a  statement  which  implies  that  either  the  population  is  not  truly  "normal," 
or  that  the  EEG  criteria  were  chosen  arbitrarily  rather  than  empirically.  In- 
deed there  may  be  an  abnormality  which  manifests  itself  only  by  changes  in 
the  EEG.  However,  when  we  speak  in  terms  of  clinical  electroencephalography, 
our  criteria  for  abnormality  nmst  be  susceptible  to  clinical  verification. 

Thus  we  should  limit  "abnormality"  in  the  EEG  to  those  cases  where  there 
is  definite  organic  brain  disease  or  dysfunction.  EEGs  reported  as  abnormal  in 
the  absence  of  gross  clinical  evidence  of  brain  dysfunction  should,  thus,  in  al- 
most all  cases  be  due  to  prior,  unrecognized,  or  latent  disease. 

The  recording  system.  The  EEG  represents  the  continuously  fluctuating  po- 
tential difference  between  two  points  on  the  head.  The  electrodes  are  placed  ac- 
cording to  a  standardized  method  with  the  electrode-pairs  usually  linked  in  such 
a  way  as  to  give  comparable  tracings  from  homologous  regions  on  the  two  sides. 
Sometimes  the  individual  electrodes  are  paired  with  a  single  common  reference 
point  or  arranged  in  longitudinal  or  transverse  linear  montages.  The  equipment 
used  gives  fairly  faithful  recording  of  frequencies  from  1  to  40  cycles  per  second 
and  amplitudes  from  5  to  500  microvolts.  The  tracing  is  written  out  by  a  mov- 
ing stylus  calibrated  to  a  vertical  excursion  of  5  to  7  mm  for  each  50  microvolts 
of  input  on  a  horizontally  continuous  strip  of  paper  which  advances  at  a  speed 
of  3  cm  per  second.  Most  of  the  equipment  now  in  use  writes  eight  such  traces 
simultaneously  but  devices  with  twelve,  sixteen,  or  more  channels  are  available. 

Normal  waveforms.  Using  this  equipment,  the  EEG  of  the  normal  alert 
adult  consists  almost  entirely  of  fairly  symmetrical  activity  in  the  alpha  (8  to 
13  cps)  and  beta  (14  to  30  cps)  bands  with  the  alpha  activity  predominating  over 
the  posterior  portions  of  the  head  and  the  beta  activity  predominating  over  the 
anterior  portions  ( Fig.  1 ) .  There  is  an  extremely  wide  range  of  normal  varia- 
tion in  the  voltage  and  in  the  absolute  and  relative  amount  (per  cent  time)  of 
these  rhythms.  A  series  of  striking  changes  takes  place  in  the  tracing  as  the 
patient  becomes  drowsy  and  goes  to  sleep ;  the  slower  theta  (5  to  7  cps)  and  delta 
(less  than  4  cps)  waves  appear  irregularly  and  paroxysmally.  There  are  also 
certain  characteristic  patterns  of  normal  sleep  such  as  "sleep  spindles"  and 
"vertex  sharp  waves." 

Infancy  and  chil<lhood.  The  EEG  of  the  infant  and  child  is  much  more  dif- 
ficult to  analyze  and  interpret.  A  certain  amount  of  slow  activity  is  normal  in 
children — very  low  frequencies  are  acceptable  as  within  normal  range  in  very 
young  children.  A  variable  amount  of  asymmetry  may  be  encountered  in  nor- 
mal children.  Unrecognized  drowsiness  or  involuntary  hyperventilation  may 
affect  the  EEG  record  by  introducing  slower  potentials  or  paroxysmal  dis- 
charges. The  greater  difficulty  encountered  in  obtaining  technically  satisfactory 
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tracings  is  also  a  factor  whicli  contributes  to  the  problem  of  unreliability  in  the 
interpretation  of  the  EEG  in  the  child. 

Artifacts.  The  competent  electroencephalographer  must  start  with  the  ability 
to  distinguish  activity  in  the  tracing  which  is  of  cerebral  origin  from  that  which 
is  due  to  any  of  a  number  of  other  factors :  movement  of  the  head  or  eyes,  move- 
ment of  the  extremities,  facial  muscle  contraction,  perspiration,  faulty  elec- 
trodes, defects  within  the  apparatus,  and  broadcast  activity  from  electrical 
equipment  in  the  vicinity.  This  distinction  is  always  an  important  but  not  a 
simple  one.  Having  determined  that  the  activity  derives  from  the  brain,  the 
electroencephalographer  must  take  into  account  the  age  and  level  of  conscious- 
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Fig.  1.  Evolution  of  the  basic  patterns  in  the  normal,  alert  individual.  Slow  patterns  pre- 
dominate in  infancy,  persist  in  the  presence  of  the  alpha  rhj'thm  in  childhood,  and  are  absent 
in  the  adult. 

ness  of  the  patient.  When  this  is  done  he  may  begin  to  speak  in  terms  of  "ab- 
normality" or  dysfunction. 

Abnormal  activity.  In  general,  the  most  common  evidence  of  dysfunction  is 
activity  which  is  of  a  frequency  lower  than  that  consistent  with  the  patient's 
age  and  level  of  consciousness.  This  slowing  may  be  either  generalized  or  local- 
ized. Consistent  asymmetry  of  the  frequencies  is  abnormal ;  the  slower  side  is 
usually  the  abnormal  one.  Localized  absence  of  activity,  and  highly  localized 
sources  of  high-frequency  activity  are  much  less  common  types  of  abnormality. 
Diffuse  absence  of  activity  is  a  rare  abnormality  signifying  either  temporary  or 
permanent  loss  of  cerebral  function. 

Spikes  and  polyphasic  complexes  containing  spikes  or  sharp  waves  are  ab- 
normal whenever  seen  regardless  of  age  or  level  of  consciousness.  They  occur  in 
transient  patterns  which  tend  to  be  morphologically  stereotyped  and  which 
stand  out  from  the  background  activity  in  such  a  way  as  to  be  readily  recog- 
nizable. 
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Specific  Uses  of  the  EEG 
As  a  Screening  Proce<lure 

Some  patient's  complaints  are  so  vague  and  non-specific  as  to  raise  tlie  ques- 
tion of  wlietlier  the  nervous  system  is  involved  at  all.  The  EEG  may  be  used 
as  a  screening  procedure  in  such  cases.  A  patient  with  an  isolated  complaint  of 
severe  headaches,  lethargy,  or  subtle  personality  changes  may  show  localized 
or  diffuse  EEG  abnormalities.  A  patient  with  ill-defined  weak  spells,  episodic 
vertigo,  or  fainting  may  have  EEG  abnormalities  indicating  the  likelihood  of  a 
convulsive  disorder. 

It  must  be  emphasized  that  a  "negative"  or  normal  EEG  does  not  "rule  out" 
organic  brain  disease  or  dysfunction  in  .such  ca.ses  but  is  only  one  factor  in  the 
total  evaluation  of  the  case.  For  example,  in  cases  of  episodic  phenomena  where 
convulsive  disorder  is  strongly  suspected,  it  may  be  that  only  by  using  special 
techniques  such  as  photic  stimulation  or  sleep  recording  that  characteristic  ab- 
normalities are  elicited.  It  is  also  perfectly  possible  that  organic  disease  or  dys- 
function may  be  present  but  simply  not  manifest  in  the  EEG. 

Although  the  percentage  yield  of  "positive"  EEGs  may  be  small  in  cases  such 
as  those  described  above  the  relative  ease  and  innocuous  nature  of  the  procedure 
makes  it  worthwhile  for  screening  purposes. 

With  Specific  Clinical  Conditions 

Very  often  the  EEG  is  of  great  value  in  contributing  to  the  understanding  of 
the  localization  and  even  the  etiology  of  the  lesion  or  dysfunction  responsible 
for  a  specific  clinical  syndrome.  There  may  be  a  focal  lesion,  such  as  a  right 
frontal  meningioma,  which  produces  only  mental  changes,  without  focal  neuro- 
logic signs  and  yet  shows  a  marked  slow-wave  focus  on  the  EEG.  Lateralization 
of  the  lesion  may  also  be  determined  by  the  EEG  in  cases  in  which  marked  dif- 
fuse clinical  signs  mask  the  focal  ones  such  as  .spontaneous  subarachnoid 
hemorrhage  due  to  ruptured  aneursym. 

Valuable  information  may  even  be  obtained  from  apparently  wrong  sided 
or  "paradoxical"  foci  of  electrical  dysfunction.  When  a  clear-cut  focal  EEG 
abnormality  exists  on  the  side  opposite  to  the  one  expected  on  clinical  grounds, 
it  almost  invariably  signifies  the  presence  of  either  multiple  lesions  or  incorrect 
clinical  localization. 

Etiology.  The  EEG  is  a  far  less  reliable  indicator  of  the  nature  of  the  focal  le- 
sion suggested  by  the  localized  electrical  dysfunction.  In  general,  more  patho- 
logically "active"  (rapidly  growing,  destructive)  lesions  tend  to  produce  more 
marked  focal  slowing,  and  more  benign  or  slowly  evolving  lesions  tend  to  pro- 
duce less  evidence  of  electrical  abnormality.  There  are  many  exceptions  to  this 
generalization,  however,  and  even  the  conforming  examples  are  of  little  prac- 
tical value.  A  severe  slow  focus  may  with  equal  likelihood  be  due  to  a  glio- 
blastoma, an  abscess,  or  an  intracerebral  hematoma. 

Seizure  states.  The  EEG  is  of  much  greater  value  in  defining  etiology  (  or 
pathophysiology)  in  seizure  patients.  Patients  with  both  major  and  minor 
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convulsions  may  show  identical,  unlocalizcd  seizure  i)lien()niena  whether  they 
ha\e  dysl'unctional  ("centrenceplialic")  convulsive  disorder  or  focal  epilepto- 
genic lesions.  It  is  only  the  EEG  which  enables  the  distinction  to  be  made,  and 
this  is  a  very  important  distinction,  since  it  is  of  great  help  in  guiding  the  medi- 
cal management  of  the  case,  or  suggesting  that  surgical  treatment  may  be  pos- 
sible. 

Coma.  The  underlying  pathoi)hysiology  may  also  be  indicated  by  the  EEG  in 
cases  of  apparent  coma.  Ordinarily,  comatose  patients  show  abnormal  EEGs 
characterized  by  diffuse  irregular  slow  activity.  Many  patients  with  severe 
metabolic  abnormalities,  however,  such  as  those  seen  in  hepatic  insufficiency 
and  severe  uremia,  show  a  fairly  characteristic  jiattern  of  repetitive,  bisyn- 
chronous, polyphasic  sharji  comjilexes  accentuated  over  the  anterior  scalji.  Pa- 
tients who  aii]iear  to  be  in  coma  following  se^•ere  transverse  lesions  of  the  lower 
brainstem  may  show  perfectly  normal  tracings,  and  patients  in  deep  barl)iturate 
coma  may  have  EEGs  resembling  noi'mal  light  slec])  with  some  "medication  ef- 
fect." 

Behavior  disorders.  Another  area  in  which  tlie  EEG  is  heljiful  in  defining 
the  clinical  jn'obU'in  is  that  of  grossly  disordered  behavior  in  l)oth  adults  and 
children.  Periods  of  mental  dullness,  restlessness,  or  confusion  lasting  as  long 
as  two  or  three  days  may  actually  be  prolonged  seizures  ("di'eamy  states,"  "ictal 
automatisms,"  "psychomotor  status") .  An  EEG  during  the  episode  enables  the 
diagnosis  to  be  made  immediately  (Fig.  2).  An  abnormal  EEG  containing 
spikes  or  sjjike-w-ave  patterns,  if  obtained  between  the  episodes  of  confusion, 
suggests  that  the  episodes  are  ictal  in  nature. 

Many  children  are  referred  for  evaluation  of  retardation  or  behavior  dis- 
turl)ance  without  a  history  of  frank  convulsive  phenomena  (Fig.  3).  A  certain 
proi>ortion  of  such  children  will  show  grossly  abnormal  EEGs  of  "convulsive" 
type.  The  concept  of  "subclinical  seizures"  has  been  invoked  to  explain  some  or 
all  of  the  behavioral  abnormalities  in  these  children.  The  validity  of  this  con- 
cept has  been  tested,  and  in  some  instances  proven,  by  the  successful  use  of 
anti-convulsant  medication.  Normalization  of  restless  behavior  and  improve- 
ment in  school  j^erformance  and  IQ  can  occur.  Another  group  of  these  children 
will  show  focal  abnormalities  in  the  EEG  due  to  the  presence  of  underlying  le- 
sions such  as  porencephalic  cyst,  angiomatous  malformation,  or  microgyria. 
The  disclosure  of  such  a  focus  may  em|)hasize  the  need  for  further  neurologic 
diagnostic  studies  or  more  detailed  behavioral  testing  for  specific  defects  such  as 
aphasia. 

Monitoring  the  Course  of  Illness  or  Treatment 

Anti-convulsant  medication.  For  many  years  the  EEG  has  been  used  as  one 
index  for  weighing  the  efficacy  of  anti-convulsant  medication.  In  many  cases 
the  "normalization"  of  the  EEG  follows,  or  even  precedes,  clinical  improve- 
ment. This  phenomenon  may  be  used  in  helping  to  determine  dose  levels,  choice 
of  medication,  and  duration  of  medication  following  the  cessation  of  seizures.  It 
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is  also  used  as  a  criterion  in  the  ^I'aiitin^  of  ili-i\'cr's  licenses  to  con\'ulsive  dis- 
order patients. 

Metal)olic  disorders  and  toxic  states.  The  KEG  is  also  useful  in  following 
and  sometimes  i)redicling  the  course  in  patients  with  metabolic  disorders  (Fig. 
4).  These  include:  hypercalcemic  encephalopathy  and  hepatic  encephalopathy; 
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Fig.  2.  Tracings  ix'iformed  duiiug  an  "ictal  twilight  state"  (psychomotor  status)  lasting 
thirty-six  hours.  Transient  cessation  of  spike-wave  activity  with  increase  in  responsiveness 
after  intravenous  amobarbital. 

withdrawal  from  drug  intoxication  (Fig.  5)  ;  and  acute  or  chronic  infections  such 
as  viral  encephalitis  and  tul)erculous  meningitis. 

Intracranial  mass  lesions.  The  non-surgical  treatment  of  intracranial  mass 
lesions  is  another  area  of  usefulness  for  the  EEG.  Electrical  as  well  as  clinical 
indices  are  of  value  in  assessing  the  efficacy  of  radiotherapy  and/or  steroid 
therapy  in  primary  or  metastatic  brain  tumors.  The  EEG  is  also  of  A'alue  in 
following  the  clinical  course  of  unoperated  subdui'al  hematoma  patients  (Fig. 
6) .  The  EEG  may  be  normal  at  the  start  or  may  become  normal  in  the  presence 
of  a  hematoma  of  appreciable  size.  Most  of  these  patients  improve  and  the  EEG 
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illlpl•o^•elucnt  tends  to  precede  or  accoiiii)any  the  clinical  improvement  even 
though  a  mass  lesion  may  still  be  present.  In  rare  cases,  an  increase  in  EEG 
abnormality  may  precede,  or  accompany  a  significant  deterioration  in  the  pa- 
tient's condition,  and  may  be  a  sign  that  operation  should  be  considered. 


Fig.  3.  Eleven  year  old  boy  with 
severe  behavior  disorder.  No  his- 
tory of  convulsive  phenomena. 
Tracing  shows  a  spike-wave  burst 
in  drowsiness  and  "14  per  second 
monophasic  spike  burst"  in  sleep. 
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Treatment  and  Clinical  Research 

Seizure  patients.  There  are  many  special  procedures  which  involve  the  use 
of  the  EEG  some  of  which  are  quite  important.  Special  techniques  are  particu- 
larly employed  in  dealing  with  seizure  patients.  As  mentioned  before,  tracings 
performed  during  sleep  may  reveal  a  previously  undisclosed  focal  or  diffuse 
abnormality.  Intravenous  pentobarbital  or  amobarbital  may  be  used  to  indi- 
cate the  presence  of  localized  brain  dysfunction.  These  techniques  are  particu- 
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lai'ly  important  in  patients  who  ai'c  liciniz;  stuilicil  lor  possible  surgical  ti'eatmcnt. 
Si)ecial  electrode  placement,  such  as  on  the  tympanic  membrane  or  in  the  naso- 
pharynx, may  be  used.  The  EEG  is  used  during  the  intracarotid  injection  of  con- 
vulsant  and  anti-convulsant  drugs  for  confirming  cerebral  dominance  and  for 
proving  the  limited  localization  of  an  epileptogenic  focus.  Prior  to  actual  exposure 
of  the  cortex,  arrays  of  electrodes  may  be  slipped  through  burr  holes  to  lie  be- 
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Fig.  4.  Patient  with  portal  cir- 
rhosis and  hepatic  encephalopathy. 
A.  Deep  coma.  Tracing  shows  se- 
vere diffuse  slowing  and  repetitive 
polyphasic  sharp  complexes.  B. 
Alert  and  responsive.  Tracing 
shows  only  mild  diffuse  slowing. 
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tween  the  dura  and  the  arachnoid  and  depth  electrodes  may  be  implanted  for 
hours  or  days  of  study.  During  the  definitive  surgical  procedure  the  EEG  is  in 
constant  use  in  locating  and  mapping  the  foci  of  electrical  abnormality.  This  is 
particularly  important  in  the  cases  which  show  no  grossly  visible  pathology. 

Photic  stimulation.  Medically  treated  seizure  patients  may  also  benefit 
from  special  EEG  techniques.  For  example,  there  are  some  individuals,  espe- 
cially children,  who  have  myoclonic  jerks,  lapses,  and  even  convulsions  when 
exposed  to  intermittent,  or  even  steady,  intense  light.  Testing  such  patients  with 
lights  of  varying  intensities  and  with  filters  for  different  colors  may  not  only 
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cxphiin  thr  often  bizai'i'c  and  unusual  (•ii'cuinstanccs  under  whicli  the  seizures 
have  occurred,  but  may  yield  a  fornuda  foi-  dark  glasses  which  will  pi'otect  the 
l)atient  af^ainst  seizures. 

Anti-coiiviilsant  drugs.  KE(\  nionitoiin^  dui-in^  the  intravenous  injection 
of  anti-convulsant  drugs  in  a  patient  with  a  high  per  cent  time  of  abnormal 
activity,  or  who  is  in  status  epilepticus,  may  help  to  predict  which  drug  is  likely 
to  be  effective  when  given  orally. 

Caroticl  sinus  hypersensitivity.  The  EEC!  and  the  electrocardiogram  may  be 
monitored  simultaneously  when  a  patient  is  being  tested  for  carotid  sinus  hy- 
persensitivity. This  techni(iue  should  also  be  followed  when  the  carotid  com- 
pression test  is  being  done.  As  one  carotid  artery  is  manually  compressed,  the 
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Fig.  6.  Serial  tracings  show  progressive  improvement  in  a  68  year  old  man  with  a  sponta- 
neously improving  left  sided  subdural  hematoma. 

patient  is  observed  for  the  development  of  loss  of  consciousness,  focal  weakness, 
or  focal  seizure  phenomena.  At  the  same  time  the  EEG  is  observed  for  focal  or 
diffuse  changes.  Early  hopes  have  not  been  fulfilled  that  a  "positive"  carotid 
compression  test  would  reliably  indicate  severe  stenosis  or  occlusion  of  the  op- 
posite carotid  artery.  The  procedure  is  nevertheless  of  value  in  some  cases  since 
at  the  very  least  it  gives  some  information  about  the  efficacy  of  the  collateral 
circulation  in  the  circle  of  Willis. 

During  anesthesia.  In  recent  years  the  EEG  has  come  to  be  used  in  some 
centers  as  a  tool  in  monitoring  patients  under  anesthesia,  especially  for  open- 

FiG.  5.  Patient  in  severe  acute  barbiturate  intoxication.  A.  Deep  coma,  occasional  "de- 
cerebrate" posturing.  Artificial  respiration,  hemodialysis  in  operation.  Tracing  alternating 
between  mixed  frecjuency  slow  bursts  and  isoelectric  periods.  B.  Deep  coma,  unresponsive. 
Artificial  respiration.  Tracing  shows  marked  diffuse  slowing  with  polyphasic  sharp  com- 
plexes. C.  Coma,  occasional  spontaneous  movements  of  eyes  and  extremities.  Tracing  al- 
ternates between  8  to  10  cps  activity  and  relatively  "fiat"  periods  wilh  some  .slowing.  D. 
Awake,  lethargic.  Tracing  shows  diffuse  7  to  15  cps  activity.  E.  Completely-  uli  rt  and  coopera- 
tive. 13  per  .second  alpha  rhythm  with  low  voltage  fast  activity. 
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lieart.  surgery.  An  orderly  progression  of  EEG  changes  has  l)een  found,  with  cor- 
relations to  the  depth  of  anesthesia  as  indicated  by  other  measures.  In  some  in- 
stances this  can  be  of  great  vakie  to  the  operating  surgeon.  The  maintenance 
of  satisfactory  EEG  patterns  can  be  tlie  most  reUable  index  of  proper  function- 
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ing  of  an  extracorporeal  cii'culation  ai)i)aratus.  The  appearance  of  diffuse  flat- 
tening of  the  tracing  serves  as  a  warning  that  only  a  very  brief  period  remains 
during  which  circulation  to  the  brain  must  be  restored  or  else  pei'manent  dam- 
age, or  even  death,  may  result. 

This  phenomenon  ( the  appearance  of  a  flat  EEG  i  has  been  proposed  for  use 
as  one  ci  itei'ion  in  determining  when  "death"  has  occurred  in  a  patient  who  is 
being  maintained  on  artificial  respiration  and/or  external  cardiac  pacemaker 
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st  imulat  ion  (Fiji'.  7).  This  |  ii'ohlcin  is  cci'taJn  to  iiici'casc  in  its  pi'cvalcnce  as 
iiioi'c  people  uii(lei'<io  I'econsl I'uct ive  surgery  on  vital  organs,  and  some  day  pre- 
cise and  universally  acceptable  standards  of  definition  may  be  detei'mined. 

In  psychiatry.  As  a  result  of  the  obvious  attractiveness  of  the  idea  of  a  pos- 
sible objective  electrical  correlate  of  thought  processes,  there  have  been,  over  the 
years,  many  attempts  to  use  the  EEG  in  psychiatric  practice  and  research.  In 
general,  these  attempts  have  been  unsuccessful,  although  many  papers  have 
presented  correlations  of  EEG  abnormalities  and  various  psychiatric  diagnoses. 
Statistical  methods  have  had  to  be  invoked  to  support  these  relationships,  and 
there  is  much  difficulty  involved  in  agreeing  on  both  psychiatric  and  EEG  diag- 
noses. A  current  example  of  the  use  of  EEG  in  clinical  psychiatry  is  the  some- 
what controversial  correlation  of  certain  personality  characteristics  with  "14 
and  6  per  second  monophasic  spikes."  This  is  a  pattern  which  appears  primarily 
in  the  sleep  records  of  young  people  and  has  been  linked  to  behavior  charac- 
terized by  impulsivitj^  aggressiveness  and  blunting  of  affect. 

While  there  is  no  direct  correlation  of  actual  thought  content  (normal  or 
pathologic)  with  EEG  phenomena,  routine  EEG  may  be  of  indirect  value  in 
the  management  of  psychotic  patients.  During  initial  evaluation  the  EEG  has 
some  validity  as  a  screening  procedure.  During  treatment,  particularly  electro- 
convulsive or  intensive  pharmacologic  treatment,  the  EEG  may  be  of  value  in 
confirming  or  even  predicting  efficacy.  In  psychiatric  research  there  has  been 
increasing  use  of  special  techniques  such  as  electronic  frequency  analysis,  auto- 
correlation and  cross-correlation,  and  energy  output  measurements. 

Sleep  and  dreaming.  The  EEG  is  also  the  technical  basis  for  a  whole  new 
field  of  research  in  the  physiology  of  sleep  and  dreaming.  The  simvUtaneous 
recording  of  the  EEG,  eye  movements,  and,  at  times,  muscle  action  potentials 
is  carried  on  through  hours  of  natural  sleep.  Various  levels  of  sleep  can  be 
identified  and  there  is  much  evidence  to  indicate  that  the  periods  of  active 
dreaming  can  also  be  identified.  With  this  as  a  tool  a  great  many  research 
studies  have  been  undertaken. 

SUMMARY 

Electroencephalography  is  a  laboratory  method  of  great  value  in  the  man- 
agement of  patients  with  nervous  system  diseases.  In  some  cases  it  is  the  only 
method  which  can  yield  reliable,  permanent,  objective  data  to  establish  or  de- 
fine the  physiological  basis  for  a  clinical  diagnosis.  In  other  cases  EEG  phe- 
nomena are  useful  in  conjunction  with  other  laboratory  methods.  The  signal 
upon  which  the  EEG  tracing  is  based  is  very  complex  and  dynamic  (as  opposed 
to  the  repetitive  stereotyped  EKG  patterns)  and  there  are  many  elements  of 
variable  but  potentially  great  significance  in  the  equipment,  the  environment, 
and  the  patient's  attitude,  level  of  consciousness,  metabolism,  and  state  of 
health.  As  a  result  of  this  complexity  the  clinical  science  of  electroencephalog- 
raphy becomes  an  art.  Although  specific  definition  is  usually  possible,  the  actual 
detection  of  significant  patterns  is  often  based  on  the  direct,  non-verbalized, 
gestalt  perceptions  of  the  electroencephalographer. 
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This  conii)lexity  may  also  contribute  to  the  variety  of  diagnostic  opinions 
which  can  occur  among  trained  elcctrocncephalographers  in  ambiguous  or 
"borderline"  cases.  In  the  hands  of  well-trained,  experienced,  conservative  work- 
ers, however,  such  ambiguous  situations  should  be  very  rare.  Electroencephalog- 
raphy is  not  only  reliable,  but  also  can  be  heuristically  valuable  and  clinically 
useful. 


Eleclroiiiyoj^rapliy 

ROBERT  MONES,  M.D. 
New  York,  N.  Y. 

Introduction 

Electromyogr;ii)hy  is  a  method  of  studying  the  function  of  various  parts  of 
the  nervous  system  by  recording  the  electrical  potentials  of  the  muscles  and 
nerves.  The  abnormal  potentials  seen  in  disease  states  have  been  observed 
by  many  woi-kers  so  that  electromyography  can  now  be  used  as  a  diagnostic 
tool  in  neurology  and  can  often  define  in  anatomical  terms  the  area  of  nervous 
system  dysfunction. 

The  techniques  are  varied  and  include  the  recording  of  electrical  phenomena 
of  muscle  tissue  at  rest,  during  voluntary  activity,  and  during  electrical  or 
mechanical  stimulation  of  nearby  nerves.  These  various  techniques  to  be  de- 
scribed are  complimentary  and  are  usually  of  most  helj)  when  done  in  com- 
bination on  the  same  jiatient. 

The  Neuromuscular  System 

The  most  connnon  question  posed  by  the  clinician  to  the  electromyographer 
is:  "What  is  the  anatomical  location  of  the  patient's  weakness?"  For  the  pur- 
poses of  electromyography  the  neuromuscular  system  is  divided  into  four 
anatomical  categories.  The  neurogenic  disorders  include:  1)  the  upper  motor 
neuron,  which  includes  all  neurons  which  control  or  influence  the  lower  motor 
neurons  of  the  spinal  cord  or  brainstem;  2)  the  lower  motor  neuron  which  in- 
cludes the  anterior  horn  cell  and  its  axon.  The  myopathic  disorders  include:  3) 
the  neuromuscular  junction;  and  4)  muscle  tissue. 

These  anatomical  categories  are  the  basis  of  electromyographic  reporting. 
The  etiology  of  neurologic  diseases  can  frequently  be  established  with  greater 
certainty  when  the  anatomy  is  known.  Because  of  the  nature  of  these  tests, 
negative  results  rarely  rule  out  any  disease  state.  Only  positive  results  with 
definite  abnormalities  have  any  clinical  meaning. 

The  Motor  Unit 

The  keystone  of  neuromuscular  activity  is  the  motor  unit.  This  entity  is  de- 
fined as  the  total  number  of  muscle  fibers  innervated  by  one  anterior  horn  cell. 
The  mnul:)er  of  muscle  fibers  in  each  motor  unit  in  normal  patients  varies  be- 
tween 3  and  6  fibers  in  the  extraocular  muscles  to  1000  to  2000  fibers  per  motor 
unit  in  the  larger  muscles  of  the  legs.  The  motor  unit  is  controlled  by  a  single 
anterior  horn  cell.  The  normal  motor  unit  can  be  observed  and  defined  by  pro- 
jecting  the  electrical  phenomena  recorded  from  the  muscle  during  voluntary 
effort  onto  a  cathode-ray  oscilloscope.  The  usual  ranges  of  the  various  motor 
unit  parameters  are  shown  in  Figure  1.  A  large  portion  of  electromyograph  in- 

The  Mount  Sinai  Hospital,  New  York,  N.Y.  Supported  by  U.S.P.H.S.  Grant  NB-05221. 
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terprctation  di'pcnds  on  the  analysis  made  of  tlic  various  motor  units  during 
voluntary  effort. 

Spontaneous  Muscle  Potentials.  Rccordinf^  of  muscle  potentials  can  be  done 
cithei'  with  surface  platt'  electrodes  pasted  onto  the  skin,  or  with  a  coaxial  needle 
electrode  inserted  into  the  muscle.  The  muscle  cells  maintain  a  difference  in 
electrical  potential  of  60  to  90  mv  between  the  inside  and  the  outside  of  the 
muscle  membrane.  The  (lei)olarization  of  the  membrane  during  voluntary  effort 
occurs  inmiediately  before  the  muscle  contraction.  The  recordings  made  in  elec- 
tromyography are  iLsually  limited  to  the  electrical  potential  changes  and  ex- 
clude the  mechanical  movements  of  the  muscle.  With  suitable  amplifying  sys- 
tem, the  electrical  potentials  recorded  can  be  seen  on  a  cathode-ray  oscilloscope 
and  can  be  heard  on  an  audio  system.  Permanent  records  can  be  made  by 
means  of  tape  recorders  or  photographic  cameras.  The  paste  electrodes  on  the 
skin  tend  to  give  a  picture  of  total  activity  of  large  parts  of  the  muscle  whereas 
coaxial  needle  electrodes  give  greater  amount  of  information  regarding  a 


Fig.  1.  A.  Diagram  of  the  elertromvdijraphic  respon.se  (form)  of  a  typical  motor  unit,  B. 
The  dimensions  of  the  elec'tromyoi:ra|ihic  response  of  a  typical  motor  unit.  (From:  Brock, 
S.  and  Krieger,  H.:  The  Basis  of  Clinical  Neurology.  Baltimore:  The  Williams  &  Wilkins 
Company,  1963.) 

smaller  portion  of  the  muscle  tissue.  Both  recording  methods  are  useful  and  will 
be  described  with  each  individual  test. 

When  the  muscle  tissue  is  studied,  a  coaxial  needle  is  inserted  into  the  muscle 
mass  and  recording  made  of  electrical  phenomena  found  in  the  muscle  at  rest 
and  during  voluntary  effort.  In  the  normal  state  there  is  no  electrical  activity 
at  rest.  In  the  pathological  state  abnormal  potentials  such  as  fibrillations,  posi- 
tive waves,  myotonic  phenomena,  and  fasciculations  may  be  seen  (Fig.  2). 
These  phenomena  will  be  described  and  defined  in  the  next  section  dealing  with 
disease  states.  The  motor  units  are  then  observed  during  voluntary  movement 
with  minimal  and  then  maximal  effort.  Most  muscles  of  the  body  can  be 
studied  and  this  includes  the  limb  muscles  and  muscles  of  tongue,  face,  masseter 
and  extraocular  muscles.  The  parameters  of  motor  units  are  somew-hat  differ- 
ent in  each  muscle  and  therefore  observations  must  be  made  in  relation  to  the 
normal  values  in  each  individual  muscle.  The  parameters  in  the  extraocular 
muscles  are  quite  different  from  the  large  muscles  of  the  legs,  probably  because 
each  individual  motor  unit  has  a  difTerent  number  of  muscle  fibers. 

Conduction  Velocity.  At  the  time  of  recording  the  muscle  potentials,  it  is 
frequently  of  value  to  stimulate  mixed  nerves  with  electrical  currents  and  re- 
cord electrical  activity  in  the  muscle.  When  the  motor  nerves  are  stimulated 


MOTOR  UNIT 


VOLTAGE  .2-5  mv. 

DURATION  2-8  msec. 

FORM  diphasic,  triphosic,  or  polyphasic 

FREQUENCY  |-20/sec   (depending  on  effort) 
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llic  inusclc  iiiiu'i-\-;it('(l  l>y  llial  iicr\c  will  (Icpolni'izc  almost  coiiiplclcly  in  a 
short  period  of  tiinc.  'I'liis  (Icpolai'izatioii  can  be  measured  on  a  cat  liode-i^ay 
oscilloscope  and  ^i\-es  us  a  convenient  method  to  dctenninc  the  conduction 


Fig  2.  The  Form  of  the  Wave  on  the  Oscilloscope  in  Various  Muscle  States.  In  a  normal 
relaxed  muscle,  a  coaxial  needle  inserted  into  the  muscle  will  record  no  electrical  activity. 
In  pathological  states  various  electrical  phenomena  can  be  seen.  1.  Fibrillation,  1000  cycles/ 
sec.  —  0.05  rav;  2.  Positive  waves,  1000  cycles/sec.  =  0.05  mv;  3.  Fa.scieulation,  1000  cycles/ 
sec.  —  1.0  mv;  .y'.  Doublets,  100  cycles/sec.  =  0.05  mv;  5.  Mvotonia,  100  cyclesAsec  =010 
mv;  and  6.  Bizarre  high  frequency  potentials,  100  cycles/sec."  =  0.10  mv.  (From:  Brock,  S 
and  Krieger.  H.:  The  Ba.-^is  of  Clinical  Neurologv.  Baltimore:  The  Williams  &  Wilkins 
Company,  1963.) 


velocity  of  the  nerve.  A  nerve  muscle  system  such  as  the  ulnar-hypothenar 
system  is  used.  The  ulnar  nerve  is  stimulated  at  the  wrist,  elbow,  and  axilla. 
The  time  between  the  electrical  stimulation  and  the  muscle  depolarization  can 
easily  be  measured  on  a  cathode-ray  oscilloscope.  The  distance  between 
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Fig.  3.  Stimulation  Studies  of  a  Mixed  Xerve.  The  conduction  velocit3-  of  tlie  fastest 
motor  fiber  in  a  mixed  nerve  is  deteniuiu  d  liy  measuring  the  time  between  nerve  stimula- 
tion and  the  dei)olarization  of  the  distal  muscle.  Two  points  (B-C)  of  the  ner\e  are  stimu- 
lated. The  disiaiire  between  these  points  is  measured  in  centimeters  (B-C).  Tiie  time  be- 
tween stimulation  of  point  C  and  muscle  depolarization  (2)  is  subtracted  from  tune  between 
stimulation  of  point  B  and  muscle  depolarization  il).  This  value  is  divided  by  the  distance 
(B-C).  The  condviction  velocity  of  segment  B~C  is  thereby  determined.  (1)  (2)  1000  cycle 
sine  wave  =  0.5  mv.  The  conduction  velocity  of  the  sensory  fibers  of  a  mixed  nerve  can 
be  established  by  stimulation  of  distal  point  C  and  the  recording  of  the  depolarization  of 
the  nerve  at  B  (3).  A  per.^istent  potential  (arrow)  is  noted  approximately  3.7  msec,  after 
the  stimulation  artifact.  The  voltage  of  the  nerve  depolarization  is  low  with  these  technics 
and  multiple  stimulations  are  needed.  (3)  1000  cycle  sine  wave  =  0.05  mv.  (From:  Brock,  S. 
and  Krieger,  H.:  The  Basis  of  Clinical  Neurology.  Baltimore:  The  Williams  &  Wilkins 
Company,  1963.) 

points  of  stimulation  can  bo  measured  with  a  tape  measure  and  then  the  conduc- 
tion velocity  of  the  segments  from  axilla  to  elbow  and  elbow  to  wrist  can  be  de- 
fined (Fig.  3).  In  a  similar  way,  sensory  nerve  fibers  can  be  studied  by  stimulat- 
ing the  nerves  at  the  finger  tips  or  the  wrists  and  recording  made  of  the 
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(Icpolai'ization  of  tlit'  lU'i'vc  hij>;hcr  in  the  liinl).  In  addition  lo  tlicsc  simple  studies, 
(•()ni|)l('X  reflexes  can  he  observed  when  the  nerves  are  stimuhited.  The  best  known 
reflex  is  the  H  reflex.  Tliis  is  an  electrical  response  recorded  in  the  muscle  \mder 
observation  when  the  mixed  nerve  is  stimulated.  Tlie  H  I'eflex  is  a  monosynaptic 
reflex  which  is  mediated  in  the  spinal  coid  and  is  in  many  ways  analogous  to  the 
dec])  tendon  I'cflex  (Fig-  4(. 


Fig.  4.  H-Roflex  Studies.  In  this  study  the  mixed  nerve  is  stimulated  at  A  and  the  de- 
polarization of  the  distal  mu.scle  is  recorded  with  plate  electrodes  at  B.  The  nerve  is  stimu- 
lated with  increasing  voltage  (1-3)  until  supramaximal  voltage  is  reached  (./)•  The  initial 
late  response  is  noted  in  the  submaximal  stimulation  (1-3).  The  late  respon.se  (H-Reflex) 
is  mediated  via  .s('n,<i)r\-  nerve  fiber  to  the  spinal  cord  and  then  via  motor  fibers.  With  in- 
creasing strength  tiic  nieidr  fibers  are  .stimulated  directly  and  the  early  response  (M-Wave) 
is  noted  in  (2-4).  Tiie  di.-appearance  of  the  late  resiionse  during  maximum  stinuilation  is 
probably  due  to  antidromic  firing  of  the  motor  fiber.  1000  cycle  sine  wave.  (From:  Brock,  S. 
and  Kriegcr,  H.:  The  Basis  of  Clinical  Ncurologv.  Baltimore:  The  Williams  &  Wilkins 
Company,  1963.) 


Repetitive  stimulation.  Repetitive  stimulation  of  motor  nerves  at  rates  be- 
tween 3  and  25  stimulations  per  second  can  give  information  concerning  the 
physiology  of  the  neuromuscular  junction.  The  same  system  such  as  the  ulnar- 
hypothenar  group  is  used  and  recordings  made  of  the  hypothenar  muscle  dur- 
ing supermaximal  stimulation  of  the  ulnar  nerve  at  various  frequencies.  The 
response  to  a  single  stimulation  may  be  normal  but  repetitive  stimulation  may 
bring  out  a  defect  in  the  neuromuscular  junction.  This  type  of  testing  is  of 
value  in  the  diagnosis  of  myasthenia  gravis. 

Streiifilh-duration  curve.  Some  of  the  earliest  electrodiagnostic  .studies  used 
the  resjjonse  of  muscles  to  electrical  pulses  as  a  test  situation.  The  most  reliable 
of  these  many  tests  deals  with  the  response  of  the  muscle  to  electrical  pulses 
of  varying  duration.  The  minimal  amount  of  voltage  needed  to  cause  a  muscle 
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twitch  is  (lotenninLHl  for  a  scries  of  stiiuuli  of  varying  duration.  These  multiple 
points  thus  make  up  a  strength-duration  curve  which  defines  the  muscle  ex- 
citability for  a  single  electrical  pulse  at  different  duration  values  (Fig.  5). 
It  has  long  been  noted  that  denervated  muscles  have  a  different  response  to 
short  duration  pulses  than  normal  muscles.  The  chronaxie  determination  is 
only  one  point  on  the  entire  strength-duration  curve  and  therefore  gives  some- 
what less  information  than  the  entire  curve.  The  chronaxie  time  represents  the 
duration  necessary  for  stimulus  with  a  voltage  twice  the  rheobase  to  elicit  a 
muscle  twitch.  Chronaxie  testing  is  a  simple  test  and,  although  somewhat  un- 
reliable when  compared  to  recent  techniques,  still  can  give  useful  information. 

The  Main  Tests.  In  routine  clinical  electromyography,  the  main  tests 
which  have  been  found  to  have  diagnostic  importance  are:  ll  direct  muscle 
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Fig.  5.  Strength-Duration  Curves  of  Muscles  at  the  Motor  Point.  The  motor  point  of  a 
muscle  is  stimulated  by  electric  shocks  of  varying  durations  as  noted  in  the  abscissa.  The 
voltage  needed  to  stimulate  the  muscle  at  these  durations  is  plotted  on  the  ordinate.  The 
chronaxie  value  is  only  one  point  on  this  curve.  Normal  muscle  (A)  can  be  stimulated  at 
short  durations  of  0.1  and  0.3  msec.  Denervated  muscle  (B)  can  only  respond  to  longer 
duration  pul.ses.  Chronaxie  in  muscle  .4  is  le.ss  than  0.1  millisecond,  whereas  in  B  it  is  over 
1  msec.  (From:  Brock,  S.  and  Krieger,  H.:  The  Basis  of  Clinical  Neurology.  Baltimore: 
The  Williams  &  Wilkms  Company,  1963.) 

recordings  with  needles;  2)  conduction  velocity  studies  of  motor  and  sensory 
nerves;  and  3)  repetitive  stimulation  of  motor  nerves  for  neuromuscular  junc- 
tion studies.  The  other  techniques  such  as  H  reflex  studies,  silent  period  record- 
ing, direct  muscle  stimulation,  excitability  curve  of  muscle,  and  neuromuscular 
junction  studies  are  of  great  interest;  however,  at  this  time,  they  do  not  have  any 
great  clinical  importance.  The  amount  of  research  in  various  tests  that  can  be 
done  in  electi'omyography  is,  in  fact,  so  enormous  that  it  would  be  worthwhile  to 
consider  the  entire  testing  field  as  subdivided  into  a  research  area  for  the  devel- 
opment of  new  tests  and  experiments,  and  a  clinical  area  where  tests  of  demon- 
strated value  may  be  routinely  employed. 

Diseases 

An  attemi)t  will  be  made  in  this  chapter  to  describe  the  findings  of  various 
techniques  mentioned  above  in  diseases  of  the  human  nervous  system.  Emphasis 
will  be  given  to  problems  frequently  encountered  and  the  practical  uses  of 
electromyography  as  a  diagno.stic  tool. 
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Diseases  of  the  llpper  Motor  Neuron 

Involuntary  iiin\('iiu'nts  caused  by  diseases  of  the  luaiu  mch  as  tremor, 
athetosis,  ehorea,  torticollis  can  b(;  defined  by  recordin<i  the  electrical  potentials 
of  the  muscles  by  means  of  plate  electrodes.  The  potentials  recorrled  from  these 
muscles  ai'e  noimal  motor  units  firing  in  an  involuntary  abnoiiiial  sequence. 
The  elect romyoj2;rapliic  criteria  for  these  conditions  is  not  well  established 
and  therefore  the  diagnostic  importance  of  this  type  of  recording  is  not  very 
great.  There  is  no  characteristic  electromyographic  pattern  in  weakness  caused 
by  upi)er  motor  neuron  disease.  Usually,  the  number  of  motor  units  is  decreased 
but  each  motor  unit  seen  is  of  normal  voltage  and  duration.  The  frecjuency  of 
firing  of  each  motor  unit  is  increased,  compared  to  the  tension  of  the  muscle.  In 
feigned  weakness  or  in  inability  to  expend  maximum  effort  because  of  local 
pain,  the  discharge  frequency  of  individual  motor  units  is  less  than  that  usu- 
ally seen  with  maximal  effort.  The  main  difference  between  upper  motor  neuron 
weakness  and  lower  motor  neuron  weakness  is  that  the  muscles  in  the  ujiper 
motor  neuron  category  do  not  show  evidence  of  increased  irritability  or  dener- 
vation. Fibrillations,  positive  waves,  and  fasciculations  are  not  seen.  When 
there  is  mai'ked  atrophy  due  to  disuse  or  long  standing  u]i]ier  motor  neuron 
disease,  there  may  be  a  decreased  amount  of  insertion  jiotentials  but  denerva- 
tion phenomena  are  not  seen.  Studies  of  spinal  cord  reflexes  such  as  the  H  reflex 
can  be  of  some  value  in  that  these  reflexes  are  at  times  more  easily  elicited  in 
spastic  conditions  than  in  normal  patients.  Other  studies  of  the  motor  nerves 
including  conduction  velocity  and  repetitive  stimulation  are  within  normal 
limits.  The  muscle  strength-duration  curves  is  also  normal. 

Diseases  of  the  Lower  Motor  Neuron 

Electromyography  finds  its  most  common  use  in  the  diagnosis  of  lower  motor 
neuron  disease.  Occasionally,  the  exact  site  of  the  abnormality  of  the  lower 
motor  neuron  can  be  defined.  One  of  the  main  findings  in  lower  motor  neuron 
disease  as  distinguished  from  upper  motor  neuron  disease  is  the  phenomena  of 
denervation  of  the  muscle.  Denervation  of  the  muscle  entails  a  whole  series  of 
mor]3hological,  bio-chemical,  and  physiological  changes  which  occur  in  a  defi- 
nite temporal  order  when  the  lower  motor  neuron  is  damaged  or  destroyed. 
Fasciculations  are  the  first  physiologic  change  noted  when  the  lower  motor 
neuron  is  damaged.  This  is  most  commonly  seen  in  amyotrophic  lateral  sclero- 
sis but  can  occur  in  other  diseases.  Fascicidations  are  high-voltage,  polyphasic, 
.5  to  4  mv  weaves  which  occur  spontaneously  and  irregularly.  Fasciculations  can 
be  seen  as  twitching  of  the  muscles  and  are  thought  to  represent  groups  of 
motor  units  depolarizing  synchronously.  When  greater  damage  is  done  to  the 
lower  motor  neurons,  a  decrease  in  the  number  of  motor  units  is  seen.  At  this 
stage  there  is  no  change  in  the  spontaneous  electrical  activity  of  the  resting 
muscle.  Two  to  three  weeks  after  denervation,  changes  occur  in  the  muscle 
tissue  which  are  thought  to  be  related  to  the  degeneration  of  the  terminal  nerve 
fibers.  The  muscle  becomes  extremely  irritable  and  depolarization  of  each  in- 
dividual muscle  fiber  can  occur  spontaneously  or  after  mechanical  irritation. 
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Fil)rillatioiis  occvir  a;;  si)ontaneous  waves  having  an  average  duration  of  1  to  2 
milliseconds  and  with  a  regidar  frequency  of  1  to  10  per  second;  the  voltage  is  .05 
to  .5  niv;  the  form  is  usually  diphasic  or  triphasic.  These  potentials  are  electrical 
phenomena  and  thus  cannot  be  seen  clinically.  The}'  probably  represent  a  single 
muscle  fiber  depolarization.  They  are  seen  with  any  disease  causing  irritability 
of  the  muscle  membrane  which  includes  serum  electrolyte  changes,  myopathy, 
and  denervation.  Positive  waves  are  also  seen  at  this  time  and  they  are  defined 
as  repetitive  waves  of  3  to  4  milliseconds  duration,  .05  to  .5  mv  amplitude,  and 
having  a  sharp  positive  deflection  followed  by  a  slower  return  to  the  base- 
line. These  waves  also  represent  depolarization  of  single  muscle  fibers  and  have 
the  same  clinical  significance  as  fibrillations.  If  the  denervation  of  the  nmscle 
becomes  a  chronic  condition,  then  the  muscle  will  atrophy  and  eventually  a 
decrease  in  the  insertion  potentials  will  be  noted.  In  severe  cases  a  complete 
fibrotic  replacement  of  the  muscle  occurs  and  one  may  note  absence  of  any 
electrical  jihenomena.  In  most  cases,  however,  fibrillations  and  positive  waves 
exist  for  many  years. 

When  voluntary  effort  occurs  there  is  a  decreased  number  of  motor  units, 
which  is  similar  to  that  seen  in  upper  motor  neuron  disease.  The  presence  of 
denervation  potentials  differentiates  lower  motor  neuron  disease  from  upper 
motor  neuron  disease,  but  repeated  examinations  may  be  necessary  to  estal)lish 
the  presence  of  denervation  jiotentials  which  may  occur  2  to  3  weeks  ajter  the 
onset  of  weakness. 

Localization  of  the  lesion  affecting  the  lower  motor  neuron  is  occasionally 
possible.  If  all  the  muscles  of  a  limb  are  affected,  the  evidence  indicates  diffuse 
involvement  in  the  lower  motor  neurons.  In  localized  disease  the  muscles  affected 
may  give  the  anatomical  location  of  the  lesion.  For  example,  if  the  muscles  show- 
ing denervation  are  innervated  by  one  common  root  or  one  common  nerve,  then 
the  evidence  of  disease  of  that  root  or  nerve  is  established.  The  differentiation 
between  root  and  peripheral  nerve  or  plexus  is  sometimes  possible  by  studying 
the  paraspinal  muscles.  The  posterior  rami  which  supply  the  paraspinal  muscle 
can  help  in  localization  because  if  the  paraspinal  muscles  are  involved,  then  the 
localized  disease  must  be  in  the  root  since  the  posterior  rami  leaves  the  root  be- 
fore it  enters  the  plexus.  However,  the  absence  of  abnormality  of  the  paraspinal 
muscles  does  not  establish  disease  in  the  plexus  or  nerve  l^ecause  the  absence  of 
findings  does  not  rule  out  disease.  The  muscle  tissue  studied  in  electromyography 
is  a  \ery  small  percentage  of  the  total  muscle  and,  therefore,  one  must  be  cau- 
tious of  negative  results  in  any  evaluation. 

The  conduction  velocity  studies  of  motor  nerve  or  sensory  nerve  as  described 
above  can  help  localize  disease.  Diseases  of  the  anterior  horn,  root,  or  plexus  do 
not  as  a  rule  give  any  change  in  conduction  velocity  of  the  motor  or  sensory 
nerve.  This  is  true  because  mixed  nerves  are  usually  made  up  of  at  least  two 
or  three  roots.  In  order  to  change  the  conduction  velocity,  which  is  a  measure- 
ment of  the  fastest  motor  fibers,  all  of  the  motor  fibers  must  be  involved.  On  a 
practical  basis,  this  only  occurs  in  diseases  of  the  nerve  itself  and  not  of  the 
root  or  plexus.  The  normal  conduction  velocity  of  motor  nerves  is  between  45 
and  65  meters  per  second.  In  some  diseases  of  the  peripheral  nerve,  the  con- 
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(luction  velocity  is  dilTuscly  slow,  although  in  other  diseases  only  (•ei'tuin  seg- 
ments of  a  nerve  may  show  abnormalities.  The  sensory  nerve  conduction  studies 
may  be  tlie  most  sensitive  index  of  peripheral  neuropathies.  At  times  the  motor 
conduction  velocity  studies  can  be  noi'mal  where  as  the  sensory  studies  are  ab- 
normal, indicating  ])iiniaiy  iinolvi'ment  of  sensory  fibers.  Muscle  stinmlation 
studies,  such  as  the  strength-duration  curve  show  abnormalities  in  denervated 
muscles.  As  has  been  pointed  out  before,  the  denervated  muscles  are  unable  to 
respond  to  short  duration  electiical  pulses.  Therefore,  the  strength-duration 
curve  is  shifted,  as  shown  in  Figure  2.  The  chronaxie  value  will  therefore  be  ab- 
normal, with  readings  greater  than  one  millisecond. 

The  combination  of  nerve  stimulation  studies  with  muscle  recordings  and 
muscle  stimulation  studies  can  make  the  exact  location  of  the  lesion  of  the 
low^r  motor  neuron  possible.  The  differentiation  of  lower  motor  neuron  disease 
from  myopathic  disease  is  one  of  the  most  important  areas  of  electromyographic 
diagnosis.  This  is  a  frequent  clinical  problem  because  the  clinical  findings  are 
similar  in  both  diseases.  In  both  lower  motor  neuron  disease  and  muscle  dis- 
ease there  is  frequently  atropic  muscle  with  decreased  reflexes  and  no  sensory 
findings.  In  this  situation  the  above  tests  can  be  of  great  aid. 

Neuromuscular  Junction  Disease 

The  most  common  disease  of  the  neuromuscular  junction  is  myasthenia 
gravis.  However,  drug  intoxication,  poisoning,  and  some  insect  bites  all  may 
affect  this  area.  Recently,  the  syndrome  of  myasthenia  gravis  associated  with 
carcinoma  of  the  lung,  which  also  involves  the  neuromuscular  junction,  has 
been  established.  In  these  diseases,  studies  of  the  motor  units  described  above 
may  show  a  decrease  in  voltage  or  number  of  motor  units  on  voluntary  effort. 
This  is  most  pronounced  after  one  or  two  minute  effort.  This  type  of  test  is 
unreliable  because  the  patient's  cooperation  is  necessary  and  there  is  always 
the  reservation  that  maximal  effort  was  not  expended.  An  increase  in  motor 
unit  activity  after  drugs  such  as  Tensilon  may  be  of  aid  in  establishing  the  diag- 
nosis of  myasthenia  gravis.  The  conduction  velocity  of  motor  and  sensory  nerves 
is  within  normal  limits  in  these  diseases.  Repetitive  .stimulation  studies  exten- 
sively described  by  many  workers  have  usually  used  the  ulnai'-hypothenar 
muscle  system.  The  response  to  repetitive  stimulus  of  3  to  25  per  second  is  fre- 
quently abnormal  in  myasthenia  gravis  with  a  decrease  in  the  total  muscle  re- 
sponse noted  after  the  third  or  fourth  stimulus.  The  response  of  this  type  of 
testing  to  intravenous  and  intra-arterial  drugs  can  also  be  helpful  in  diagnosis 
of  the  disease.  In  the  myasthenia  syndrome  associated  with  carcinoma  of  the 
lung,  an  entirely  different  set  of  responses  is  seen  with  repetitive  stimulation. 
In  contradistinction  to  the  results  in  myasthenia  gravis,  the  later  stimuli  in  the 
train  show  a  greater  muscle  electrical  response  than  to  the  first  or  second  stimu- 
lus. The  disease  has  been  defined  in  terms  of  this  response  to  electromyographic 
testing. 

Myopathy 

This  category  of  disease  includes  a  large  number  of  [loorly  defined  entities 
with  various  etiologies. 


316 


ROBERT  MOXf:S 


Needle  studies  of  imiscles  in  these  diseases  reveal  varying  results,  depending 
upon  the  type  of  muscle  disease  and  the  severity  of  the  myopathy.  The  muscle 
at  rest  usually  does  not  show  irritability  or  denervation  potentials,  as  described 
in  the  section  on  lower  motor  neuron  disease.  The  exceptions  to  this  rule  are: 

1)  Polymyositis,  where  fibrillations,  positive  waves,  and  high  frequency 
bizarre  potentials  are  frequently  seen. 

2)  Myotonic  dystrophy,  where  extreme  membrane  irritability  is  noted  with 
reiietitive  oscillation  of  the  membrane  potential  causing  the  typical  myo- 
tonic or  "dive  bomber"  electromyographic  response  at  rest. 

3)  In  some  cases  of  muscular  dystrophy,  especially  the  pseudohypertrophic 
type,  fibrillations  and  myotonic-like  phenomena  can  be  seen. 

The  most  important  criteria  for  myopathy  is  in  the  analysis  of  individual 
voluntary  motor  units.  In  all  myopathies  that  are  severe,  a  tendency  for  the 
motor  units  to  be  of  shorter  duration  will  be  noted.  The  forms  of  the  units  tend 
to  be  polyphasic  and  the  voltage  low.  The  frequency  of  firing  of  each  motor 
unit  is  greater  than  normal  for  the  muscle  tension  measured.  The  total  number 
of  motor  units  is  increased  when  compared  to  the  muscle  tension  measured.  In 
mild  and  moderate  myopathies  the  changes  in  the  duration  of  motor  units  is 
difficult  to  establish  without  a  detailed  analysis  of  many  motor  units.  This  type 
of  examination  is  not  suitable  to  routine  clinical  work  and  therefore  the  electro- 
myographer  may  have  a  difficult  time  determining  abnormalities  in  some  cases 
of  clinical  myopathy. 

The  other  tests  described  in  the  section  on  methods  are  generally  within  nor- 
mal limits  in  myopathic  disease. 

SUMMARY 

Electromyograjihy  consists  of  many  different  types  of  tests.  The  important 
clinical  tests  in  electromyography  and  the  meaning  of  the  various  results  are 
reviewed.  In  many  areas  electromyography  has  been  overused,  and  too  often 
definite  diagnoses  are  made  with  little  evidence.  An  attempt  is  made  here  to  dis- 
regard negative  or  equivocal  findings  in  electromyographic  recordings.  Definite 
abnormal  findings  which  are  meaningful  in  diagnosis  of  disease  states  are  the 
important  phenomena.  Electromyography,  when  used  with  extreme  caution,  can 
be  of  value  in  localizing  disease  in  clinical  neurology. 
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Introduction 

lirain  scanning;  is  a  new  diagnostic  teclini(|U('  wliidi  (k^pciids  upon  the  dil- 
ferential  ui)take  of  radioactive  jsubstance.s  l)y  diseased  intracranial  tissue  and 
the  detection  of  this  locus  by  suitable  instrumentation.  The  reliability  of 
radioisoto|)e  I'xaniinations  as  an  index  of  the  presence  of  a  variety  of  patho- 
logical conditions  has  been  amply  documented  by  clinical  experience  with  the 
examinations  over  the  past  decade.  Neoplasms,  hematomas,  abscesses,  arterio- 
venous malformations  and  infarctions  secondary  to  occlusive  vascular  phe- 
nomena are  the  types  of  disease  processes  most  frequently  detected  with 
radioisotopes.  Since  many  types  of  pathological  lesions  take  up  radioactive 
tracer  substances  readily,  specific  diagnosis  by  means  of  brain  scanning  alone 
is  hazardous. 

The  major  concentrations  of  radioactivity  visualized  on  the  normal  brain 
scan  are  localized  to  the  soft  tissues  and  vasculature  of  the  cranium.  Normal 
brain  tissue  takes  up  relatively  little  of  the  tracer  agents  commonly  used  for 
diagnostic  scanning  (Figs.  1,  2j. 

Clinical  Importance 

Brain  scanning  is  most  useful  as  a  screening  procedui'e  in  the  evaluation  of 
patients  susjiected  of  harl)oring  inti-acranial  pathology.  It  is  particularly  valua- 
ble in  cases  where  clinical  signs  and  symi)toms  do  not  indicate  clearcut  involve- 
ment of  one  side  of  the  brain  or  the  other. 

Since  the  entire  brain  can  be  examined  at  the  time  scanning  is  performed, 
clinically  unsuspected  areas  may  be  implicated  as  pathological.  Scanning  may 
not  only  lateralize  pathology,  but  may  demonstrate  that  multiple  areas  of  dis- 
ease exist. 

The  following  case  history  will  illustrate  the  role  that  brain  scanning 
played  in  the  diagnosis  and  management  of  a  patient  with  a  clinically  unlo- 
calized  neurological  picture: 

A  65  year  old  man  presented  with  confusion  and  memory  loss.  There  was  no  evidence  of 
focal  neurological  disease,  and  the  patient  was  otherwise  in  good  health.  Blood  chemistries 
and  x-rays  of  the  chest  and  skull  were  normal.  An  EEG  indicated  a  diffuse  abnormality.  The 
CSF  revealed  a  moderately  elevated  protein  content.  A  right  brachial  angiogram  was  con.sid- 
ered  to  be  within  normal  limits. 

A  brain  scan  demonstrated  the  presence  of  two  lesions;  one  in  the  left  frontal  region  and 
the  other  on  the  left  side  of  the  posterior  fos.sa  (Fig.  3). 

A  left  carotid  angiogram  confirmed  the  presence  of  an  avascular  mass  in  the  left  frontal 
region.  Surgery  was  proposed,  but  in  view  of  the  findings  of  the  brain  scan,  a  pneumoen- 

From  the  Department  of  Neurology  and  Andre  Meyer  Dept.  of  Physics,  The  Mount  Sinai 
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cephalosram  wa.s  iicrfonnod.  Tliis  study  conliniicd  the  in-ospnce  of  tho  second  lesion  on  the 
left  side  of  the  posterior  fossa. 

A  presumptive  diagnosis  of  metastatie  disease  was  made,  and  the  jiatient  was  treated 
with  radiotherapy. 

Repeat  radioisotope  and  contrast  stuilies  six  weeks  later  demonstrated  a  slight  decrease 
in  the  size  of  both  h^sions. 

Bi'nin  scanning      a  benign  procedure  and  can  be  performed  in  situations 


THE  MOUNT  SINAI  HOSPITAL 
NEW  YORK 

RAO  lO-ISOTOPE 
BRAIN  SCAN  REPORT 


Name /Sex/Age 

Location 
Hosp.  No. 

At  tend  i  ng 
Physician 


ISOTOPE  : 

DATE(S)  SCANNED: 

AMOUNT  INJECTED: 

SCAN  NUMBER: 

DATE  INJECTED: 

DATE  OF  REPORT: 

Lateral 


Fig.  1.  Report  form  illustratmg  anterior  and  lateral  scan  positions  witli  ianchnark  dots.  All 
lateral  scans  are  shown  facing  to  the  right  as  in  the  diagram. 


where  more  rigorous  testing  is  precluded  by  the  patient's  clinical  condition,  or 
where  the  index  of  suspicion  is  not  sufficiently  high  to  warrant  the  exploratory 
use  of  contrast  studies  to  rule  out  the  presence  of  demonstrable  intracranial 
pathology. 

Because  of  the  high  incidence  of  neoplasms  and  other  types  of  mass  lesions 
in  patients  with  abnormal  radioisotope  studies,  positive  scans  are  usually  fol- 
lowed by  contrast  studies  which  may  help  elucidate  the  nature  of  the  abnor- 
mality visualized  by  brain  scanning. 

A  positive  scan  may  be  the  only  indication  that  further  diagnostic  testing 
will  be  worth  the  risk.  The  following  case  history  is  illustrative  since  a  diagno- 
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sis  woulil  i)rol);il)ly  not  have  hvvn  readily  cslahlishcd  uitlunit  the  use  of  tiic 
l)i'aiii  scan: 

A  54  year  uliI  woin.in  was  hospitalized  complaining  of  nausea  and  vomiting.  Seven 
years  previously  she  had  undergone  removal  of  an  acoustic  neuroma.  A.side  from  her  com- 
plaints, there  was  no  evidence  on  neurological  examination  to  suggest  regrowth  of  the 
tumor.  Wlien  (he  jxitirnt  imiiroved  dramatically  with  bedrest  and  intravenous  fluid  therajjy, 
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Fig.  3.  Forty-eight  hour  scans  (A)  anterior  and  (B)  left  lateral  in  a  patient  with  lesions 
in  the  left  frontal  region  and  left  posterior  fossa  (arrows). 


her  phy.sicians  were  loath  to  repeat  the  contrast  studies  which  had  led  to  hoi-  original 
operation. 

A  brain  .scan  was  performed  which  demonstrated  a  lesion  on  the  right  side  of  the  pos- 
terior fossa,  the  site  of  her  prior  pathology  (Fig.  4). 

In  view  of  the  brain  scan  findings,  it  was  decided  to  perform  a  small  posterior  fo.ssa  air 
study  to  rule  out  regrowth  of  the  tumor.  The  findings  of  the  PEG  were  abnormal,  confirming 
the  brain  scan. 

At  operation,  a  large,  recurrent  cy.stic  tumor  was  removed. 

The  most  unique  use  of  brain  scanning  is  for  follow-up  studies.  Scanning  may 
be  performed  as  a  follow-up  measure  in  patients  who  have  undergone  neuro- 
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surgery  or  have  liad  radiation  therapy.  Scans  performed  over  a  period  of  weeks 
or  months  may  be  partieuhirly  ^-ahiahlc  in  the  management  of  cases  where  the 
diagnosis  is  inconclusive.  Since  hospitahzation  is  not  required,  and  since  most 
patients  have  no  objection  to  repeated  radioisotope  examinations,  studies  are 
easily  accomjilished  on  an  out-patient  basis.  The  level  of  radiation  exposure  can 
be  held  within  such  limits  that  no  ill  effects  will  result. 

Brain  scanning  may  indicate  a  focal  or  a  diffuse  abnormality  dm-ing  the 
more  acute  phase  of  an  illness  suspected  of  being  due  to  cerebro-vascular  dis- 


Fig.  4.  Forty-eight  hour  right  lateral  .scan  in  a  patient  with  a  recurrent  acoustic  neuroma 
(arrow). 


ease.  In-hospital  studies  such  as  angiography  may  demonstrate  the  occlusion 
of  a  specific  blood  vessel  in  some  cases,  yet  in  other  cases  contrast  studies  demon- 
strate no  more  than  evidence  of  a  generalized  arteriosclerosis,  and  the  patient 
may  remain  a  tumor  suspect.  In  such  cases,  disappearance  of  the  abnormality 
visualized  on  the  scan  may  help  to  rule  out  the  presence  of  a  mass  lesion. 

Recurrence  or  persistence  of  an  abnormal  scan  may  be  of  prognostic  value  in 
the  management  of  patients,  particularly  when  the  clinical  picture  is  misleading. 

Two  patients  with  abnormal  brain  scans  and  confirmatory  contrast  studies  were  fol- 
lowed by  repeated  brain  scanning.  One  patient  was  treated  with  radiation  therapy  and 
became  asymptomatic.  The  EEG  also  returned  to  normal.  Repeat  scan  during  this  period 
demon-strated  the  lesion  as  seen  on  the  original  scan.  The  patient  deteriorated  subsequently. 
A  metastatic  lesion  was  found  in  the  appropriate  location  at  the  time  of  necropsy. 


BRAIN  SCANNING 


.Til 


The  seciiiitl  paliriit  impioNcd  ni.iikcilly  willioiil  any  I  liciapN-  al  all  and  hccame  asymp- 
lomatic.  The  dianiiD.sis  of  an  intnicraiiial  lesion  was  in  doubt  clinifaliy  despite  the  fact 
that  her  in-li()si)ital  studies  were  abnoiinah  Repeat  sean  again  eonfiinu^d  the  lesion  as 
oriy:itiall\-  seen.  The  patient  soon  succuml leil ;  at  ni-ei'opsN'  a  Kliohlastoiua  was  I'lnind. 

Radioisotope  studies  may  be  indicated  even  after  the  presence  of  ;i  lesion  has 
been  demonstrated  by  more  conventional  studies.  Localization  of  intracranial 
lesions  by  means  of  l)rain  scanning  may  often  be  superior  to  the  results 
achieved  by  means  of  angiography  or  pneumoencephalography. 

In  angiography,  the  location  of  the  pathology  must  be  deduced  from  the 
displacement  of  normal  vascular  structures  in  the  absence  of  a  "tumor  stain" 
or  conglomeration  of  abnormal  blood  vessels.  Localization  of  a  lesion  by  means 
of  pneumoencephalography  is  dependent  on  the  displacement  of  the  gas-filled 
ventricular  system,  cisterns,  or  sulci  from  their  normal  positions.  Except  where 


Fig.  5.  Forty-eight  hour  scans  (A)  anterior  and  (B)  left  lateral  in  a  patient  with  an  astro- 
cytoma involving  the  left  thalamic  region.  The  scans  were  used  for  localization  purposes  at 
the  time  of  needle  biop.sy.  Angiography  indicated  a  deep  avascular  le.sion. 

air  actually  outlines  a  lesion,  pneumoencephalography  may  give  only  a  rela- 
tively gross  idea  of  its  exact  location. 

An  abnormal  concentration  of  radioactivity  as  visualized  on  the  brain  scan 
indicates  the  actual  site  of  an  intracranial  disease  process.  In  cases  where  an- 
giography demonstrates  the  presence  of  an  avascular  lesion,  an  abnormal  scan 
showing  a  focal,  well  circumscribed  lesion  may  be  of  exceptional  localizing 
value,  particularly  if  a  needle  biopsy  through  a  burr  hole  is  planned  (Fig.  5). 

Occasionally,  depending  on  the  size  and  location  of  a  particular  lesion,  brain 
scanning  may  be  positive  when  angiography  or  pneumoencephalography  are 
negative  or  indefinite.  Ventriculography  may  be  necessary  to  confirm  an  ab- 
normality visualized  on  the  brain  scan  in  cases  of  midline  lesions  which  ob- 
struct the  ventricular  system  (Fig.  6) . 

Limitations 

Although  the  abnormal  brain  scan  almost  always  indicates  the  presence  of  a 
pathological  process,  the  negative  scan,  on  the  other  hand,  does  not  offer  the 
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same  degree  of  ussuiance  tliat  pathology  is  absent.  Brain  scanning  is  often  in- 
effective in  a  small  percentage  of  cases  where  low  grade  gliomas  or  infiltrating 
types  of  neoplasms  are  present.  In  addition,  certain  intracranial  mass  lesions, 
depending  on  their  size  and  location,  are  particularly  liable  to  elude  detection 
by  brain  scanning. 

Lesions  smaller  than  two  to  three  centimeters  in  diameter  are  usually  beyond 
the  resolution  of  current  instrumentation  and  often  only  the  largest  of  many 
discrete  metastatic  foci  may  be  detected.  Posterior  fossa  lesions  are  frequently 
overlooked  both  because  of  their  small  size  and  the  fact  that  they  are  difficult  to 
distinguish  from  their  rather  considerable  background  of  radiation  localized 
in  vascular  and  soft  tissue  structures. 

A  similar  situation  contrives  to  make  detection  of  lesions  involving  the 
floor  of  the  cranial  fossa  equally  difficult  even  when  these  lesions  are  relatively 


Fig.  6.  Twpntj'-four  hour  scans  (A)  anterior  and  (B)  left  lateral  in  a  patient  with  a  glio- 
blastoma of  the  corpus  callosum.  The  lesion  was  confirmed  with  ventriculography.  Angiog- 
raphy was  non-specific  in  this  case. 

large.  For  this  reason,  pituitary  and  parasellar  tumors,  as  well  as  other  types  of 
extra-dural  growths  such  as  chordoma  and  craniopharyngioma  are  probably 
better  visualized  by  other  methods  of  examination. 

Despite  these  minor  limitations,  the  negative  brain  scan  is  still  of  considera- 
ble value  and  may  play  an  important  role  in  the  management  of  the  patient 
with  suspected  intracranial  disease. 

The  major  limitation  of  the  diagnostic  usefulness  of  the  radioisotope  exami- 
nation is  the  current  inability  of  this  technique  to  specify  the  nature  of  the 
pathological  process  it  does  detect.  Any  of  a  variety  of  intracranial  conditions 
varying  from  the  most  benign  to  the  most  malignant  types  of  disorders  may 
makes  themselves  manifest  by  reflecting  an  increased  concentration  of  radio- 
isotope. 

Although  there  are  sometimes  striking  differences  with  regard  to  the  rate  of 
uptake  and  order  of  concentration  of  tracer  agents  by  different  types  of  lesions, 
specific  diagnosis  solely  by  means  of  brain  scanning  with  radioisotopes  re- 
mains a  controversial  matter. 


BRAIN  SCANNING 
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Historical  Aspects  and  Present  Status 

George  Moore  first  demonstrated  that  localization  of  iiit  l  aci  aiiial  iicdplaKins 
by  means  of  radioisotopes  was  possiMc  in  1947.  Alter  discovering  that  intrave- 
nously administered  f1uoi'(>scein  accuiiiulaled  in  pathological  intracranial  tis- 
sues, Moore  tagged  this  dye  substance  with  a  gamma-emitting  radioisotope 
and  attempted  to  determine  the  resulting  locus  of  radioactivity  with  a  Geiger- 
Mueller  counter.  By  1951,  with  somewhat  improved  instrumentation,  he  was 
able  to  localize  17  of  26  verified  intracranial  neoplasms. 

At  first,  in  the  hands  of  other  investigators,  the  results  of  brain  scanning  were 
much  less  encouraging.  However,  the  use  of  more  effective  tracer  substances, 
beginning  in  1951  with  radio-iodinated  serum  albumin  (RISA),  and  more 
sophisticated  scintillation  counters  and  recording  devices,  has  served  to  con- 
firm Moore's  original  impression  regarding  the  diagnostic  value  of  radioisotope 
examinations. 

Today  a  variety  of  tracer  agents  and  scanning  devices  are  available  for  clini- 
cal brain  scanning.  The  overall  results  indicate  that  the  choice  of  tracer  agent 
or  type  of  equipment  does  not  materially  influence  the  diagnostic  accuracy  of 
the  test.  Meningiomas,  glioblastomas,  and  metastatic  deposits  have  all  been 
detected  with  a  universally  high  degree  of  accuracy.  Conversely,  lesions  at  the 
base  of  the  skull  or  in  the  jiosterior  fossa  which  are  obscured  by  background 
radioactivity,  and  cystic  lesions  and  low  grade  gliomas  which  do  not  take  up 
sufficient  concentrations  of  tracer  agent  to  permit  detection  have  eluded  diagno- 
sis by  this  method  regardless  of  the  tracer  agent  or  instrumentation  employed. 
The  use  of  more  sensitive  detection  devices  combined  with  higher  concentra- 
tions of  radioactivity  derived  from  ultra-short  lived  radioisotopes  may  solve 
some  of  these  problems.  The  development  of  new  tracer  substances  with  specific 
affinities  for  different  pathological  entities  would  l)e  of  even  more  imjiortance. 

SUMMARY 

Brain  scanning  with  radioisotopes  has  proved  to  be  an  effective  technique 
for  the  detection  and  localization  of  a  variety  of  intracranial  lesions.  The  added 
fact  that  brain  scanning  is  a  benign  procedure  suitable  for  out-patient  screen- 
ing and  follow-up  studies  makes  it  of  great  value  to  the  clinician  inolved  in 
the  diagnosis  and  management  of  intracranial  disease. 
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INTRODUCTION 

Neuroradiology,  the  roentgenographic  study  of  tlie  nervous  system,  is  a  rela- 
tively new  subspecialty  which  has  greatly  altered  the  diagnosis  and  treatment 
of  diseases  of  the  brain  and  spinal  cord.  In  the  past,  diagnosis  depended  upon 
the  neurologist's  clinical  experience  and  acumen  and  very  often  required  ex- 
ploratory surgery  for  a  more  precise  answer.  Too  often  the  pathologic  process 
remained  obscure  or  was  diagnosed  incorrectly.  Today,  neuroradiology  offers 
the  most  accurate  diagnostic  method  for  the  detection  and  localization  of  le- 
sions of  the  nervous  system.  It  often  uncovers  the  etiology  as  well. 

Whereas  previously  described  laboratory  examinations  such  as  electi'oencepha- 
lography,  electromyography,  and  brainscanning  are  screening  tests  which  can 
be  performed  on  an  outpatient  basis,  the  neuroradiologic  procedm'es  recjuire  hos- 
pitalization. However,  in  view  of  the  valuable  information  that  cerebral  angiog- 
raphy and/or  pneumoencephalography  yield  at  so  small  a  lisk,  the  neurologist 
should  not  hesitate  to  perform  them  when  he  suspects  the  presence  of  a  structural 
lesion.  It  is  as  important  to  learn  that  there  is  no  lesion  of  the  nervous  system 
(as  shown  by  negative  neuroradiologic  studies)  as  it  is  to  determine  the  existence 
of  one.  The  neurologist  thus  informed  as  to  the  .structure  and  function  of  the  pa- 
tient's nervous  system  can  more  rationally  diagnose  and  manage  the  patient. 

The  following  is  a  brief  introduction  to  the  indications,  techniques,  and  inter- 
pretation of  the  neuroradiologic  examinations. 

From  the  Department  of  Radiology  and  the  Department  of  Neurology,  The  Mount  Sinai 
Hospital,  New  York,  N.Y.  Supported  by  U.S.P.H.S.  Re.search  Grant  7^NB-05221. 
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NON-CONTR  AST  EX  A  ^  1 1  NATIONS 

PLAIN  SKULL  FILMS 

The  routine  filiiit;  of  the  skull  should  always  be  performed  first  since  they  may 
demonstrate  abnormalities  which  direct  the  examiner  to  the  next  more  definitive 
radiologic  procedure.  A  description  of  all  the  defects  visible  on  skull  films  would 
require  a  separate  chapter  but  they  may  be  classified  in  terms  of: 

1.  Structural  abnormalities 

2.  Abnormal  radiodensities 

3.  Abnormal  radiolucencies 

Structural  Almormalities.  The  configuration  and  size  of  the  skull  are  con- 
sidered within  this  category  as  are  the  appearance  of  the  fissures,  fontanelles, 
foramina,  sutures,  cranial  fossae,  and  base  of  the  skull.  Abnormalities  in  this 
category  include:  craniostenosis,  macrocephaly,  erosion  of  the  optic  and  acoustic 
foramen,  enlargement  of  the  sella  turcica  and  jilatybasia. 

Abnormal  Radiodensities.  Brain  tumors  such  as  meningiomas  (Fig.  ll  and 
gliomas  (Fig.  2)  may  be  calcified.  Calcifications  may  also  be  seen  in  non-neo- 
plastic  lesions  such  as  vascular  malformations  and  hematomas. 

Proliferative  bony  changes  in  the  skull  are  commonly  associated  with  super- 
ficialh'  placed  tumors  such  as  meningiomas ;  however,  thickened  bone  or  hyper- 
ostosis may  also  be  seen  in  fibrous  dysplasia  and  hyperostosis  frontalis  interna. 
Metastatic  lesions  to  the  skull  such  as  from  breast,  lung  or  prostate  result  in 
localized  osteoblastic  areas  of  increased  radiodensity. 

Abnormal  Radiolucencies.  Erosion  of  the  skull  is  frequently  seen  with  con- 
vexity meningiomas;  enlargement  of  the  meningeal  vascular  channels  is  often 
present  in  addition  (  Fig.  3) .  Metastatic  tumors  to  the  skull  often  cause  localized 
areas  of  bone  destruction  as  may  blood  dyscrasias.  Primaiy  lesions  of  the  skull 
such  as  epidermoids,  eosinophilic  granuloma,  and  hemangiomas  (Fig.  4)  produce 
characteristic  radiolucent  defects.  Fractures  characteristically  appear  as  linear 
radiolucent  streaks. 

Standard  Views  of  the  Skull 

Standard  x-rays  of  the  skull  include  the  following  views: 

The  Lateral  View.  (  Fig.  oj  This  view  provides  excellent  visualization  of  the 
position  of  the  calcified  pineal  gland,  the  sella  turcica,  and  anterior  and  middle 
cranial  fossae. 

The  Straight  Posterior-Anterior  View.  (Fig.  6i  Midline  displacement  of  the 
pineal  is  best  seen  in  this  view.  This  view  also  offers  excellent  visualization  of  the 
porus  acousticus  projected  through  the  bony  orbits. 
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The  Inclined  Posterior-Anterior  ((lahlwell)  View.  iVi'A.  7)  The  split  iioid 
ridge,  roof  of  the  orbit,  and  floor  of  the  sella  tiii'cica  ai'c  well  \isuali/.cd  in  this 
projection. 

The  Inclined  Anterior-Posterior  (Towne)  View.  1  !•  i<i  Si  Tlu  strut  tures 
within  the  jjosterior  fossa  such  as  the  jietrous  pyramids,  inteiiial  acoustic  canals 
and  foramen  magnum  are  best  ilefined  by  this  projection. 

Special  Views  of  the  Skull 

When  the  clinical  history  and  neurologic  examination  warrant  additional 
views,  special  projections  of  the  skull  are  obtained.  These  include  optic  foramen, 
internal  auditory  canal,  stereoscopic  base,  and  jugular  foramen  views.  Both 
right  and  left  sides  should  always  be  x-rayed  so  that  minor  changes  between  the 
abnormal  and  normal  sides  are  discernible. 

PLAIN  SPINE  FILMS 

Routine  x-rays  of  the  spine  are  indicated  to  determine  the  location  and  etiology 
of  a  variety  of  clinical  conditions  which  unsuspectingly  involve  the  spine  or  its 
contents.  So-called  sciatic  pain  may  be  due  to  a  cauda  eciuina  tumor.  Chest  pain 
or  ati'ophy  of  the  muscles  of  the  hand  may  result  from  the  encroachment  of  osteo- 
phytes on  intervertebral  foramina  in  the  neck.  8ymi)toms  and  signs  in  the  lower 
extremities  such  as  foot  drop  may  result  from  a  herniated  disc  of  the  lumbo- 
sacral spine.  Arthritis  and/or  ridging  of  the  cervical  spine  freriuently  produces 
motor  or  sensory  symptoms  referable  to  the  cervical  level  or  a  level  well  below. 
Thus  weakness  of  the  legs  with  or  without  sjihincter  disturbances  may  be  sec- 
ondary to  arthritis  of  the  cervical  spine.  Spasticity  and  sensory  loss  in  the  legs 
can  occur  from  a  meningioma  of  the  thoracic  cord.  In  general,  it  is  important  to 
examine  the  spinal  structures  well  above  the  clinically  indicated  level. 

The  routine  films  of  the  spine  detect  the  presence  of  almormalities  of  the 
vertebral  bodies,  intervertebral  disc  spaces,  and  nerve  i-oot  foramina.  Films  are 
obtained  in  the  anterior-posterior,  lateral,  and  oblitjue  projections.  The  anterior- 
posterior  projection  visualizes  the  pedicles,  lamina  and  framework  of  the  verte- 
bral bodies.  The  lateral  view  visualizes  the  intervertebral  disc  spaces,  curvature 
and  alignment  of  the  vertebral  bodies  and  the  sjiinous  processes.  This  view  thus 
demonstrates  degenerative  changes  of  the  spine  such  as  narrowing  of  the  inter- 
vertebral disc  space,  osteophyte  formation,  osseous  bridging  and  bony  sclerosis 
(Figs.  9  and  10).  The  obliciue  view  visualizes  the  intervertebral  foramina,  and 
in  the  lumbar  spine  the  pars  interarticularis.  This  view  thus  demonstrates  en- 
croachment upon  the  intervertebral  foramina,  or  erosion  as  from  a  neurofibroma 
(Fig.  11). 

A  negative  x-ray  examination  of  the  spine  does  not  exclude  the  existence  of 
pathologj'  of  the  cord  or  nerve  roots;  moreover,  repeat  films  at  a  later  date  may 
demonstrate  an  abnormality. 


Fig.  1.  Abnormal  Radiodensity.  Calcification  within  a  meningioma. 
Fig.  2.  Abnormal  Radiodensity.  Calcification  within  an  astrocytoma. 

Abnormal  Radiodensities 
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Fig.  5.  The  Lateral  View.  The  pineal  gland  (P),  sella  turcica  (ST),  anterior 
clinoid  (AC)  and  posteiior  clinoid  (PC  I  processes,  and  planum  sphenoidale 
(PS). 

Fig.  6.  The  Straight  Posterior-Anterior  View.  The  pineal  gland  (P),  inter- 
nal acoustic  canal  (lACl  and  the  anterior  clinoid  process  (AC). 

Standard  Views  of  the  Skull 


Fig.  7.  Inclined  Posterior-Anterior  ((Caldwell)  View.  Tlie  yphenoid  ridge 
(SR),  floor  of  the  sella  turcica  (ST),  and  ])ineal  gland  (P). 

Fig.  8.  Anterior-Posterior,  Half  Axial  (Towne)  View.  The  petrous  pyramid 
(PP),  foramen  magmmi  (FM)  and  pineal  gland  (P). 

Standard  Views  of  the  Skull 
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Fig.  9.  Abnormalities  on  Lateral  Fig.  10.  Abnormalities  on  Lateral 
View  of  Cervical  Spine.  Narrowing  View  of  Cervical  Spine.  Osseous 
of  disc  space  (C5-C6)  and  reversal  of  bridging  (A),  bony  sclerosis  (B),  os- 
the  normal  cervical  curvature.  teoj^hyte  (C) ,  narrowing  of  disc  space 

(D).' 


Abnormalities  on  Lateral  Cervical  Spine  Films 


Fig.  11.  Alniorinality  on  Ohliqiie  Cervical  Spine  View.  Ero.sion  of  an 
intervertebral  foramen  ( C6-C7j — neurofibroma. 
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CONTRAST  EXAMINATIONS 

CEREBRAL  ANGIOGRAPHY 

The  injection  of  ladiopacnu'  contrast  niatciial  into  the  avteiics  of  the  neck 
or  arm  results  in  excellent  visualization  of  the  intracranial  vessels  thus  demon- 
strating the  anatomy  and  physiology  of  the  ceiebial  circulation.  Any  changes 
from  their  normal  ajipearance  or  circulation  provides  information  as  to  the 
presence  of  a  stiuctiu'al  al)noi'mality.  Neoplasms,  infectious  ])rocesses,  athero- 
sclerotic disease,  and  degenerative  changes  of  the  brain  i)roduce  characteristic 
abnormalities  on  the  cerebral  angiogram.  Mass  lesions  of  the  bi'ain  displace  and 
distort  neighboring  vessels  and  the  noinial  pattern  of  cerebral  circulation. 
Atherosclerotic  and  other  vascular  diseases  produce  changes  in  b'ood  flow  and 
structural  deformities  of  the  vessels  themiiclves  which  are  obse;val)le  on  the 
x-ray.  Alterations  in  the  apjiearance  of  the  ventricular  system  can  be  indirectly 
determined  by  studying  the  arteries  and  deep  veins  adjacent  to  the  ventricles. 

Prior  to  angiography  the  neurologist  depended  upon  direct  surgical  l)iopsy  or 
an  autopsv  examination  to  deteimine  the  etiology  of  many  structural  brain  dis- 
eases. The  advances  in  arteriography  have  made  the  clinical-neuroradiological 
correlations  as  informative  as  the  clinical-jjathological.  Particularly  when  the 
clinical  information  is  slight  or  non-specific,  angiography  may  detect  the  site 
and  etiology  of  the  lesion. 

The  Procedure 

The  angiogram  is  performed  in  the  radiology  department  under  the  super- 
vision of  a  jihysician.  At  the  time  of  injection  the  patient  will  experience  a 
transient  burning  sensation  in  the  distribution  of  the  injected  vessels.  A  percu- 
taneous punctuic  of  the  carotid  or  brachial  artery  is  performed,  3  cc  of  contrast 
media  injected,  and  a  rapidly  developed  Polaroid  film  taken  (Fig.  12).  This 
shows  the  position  of  the  needle  within  the  vessel  and  avoids  injection  into  the 
sheath  of  the  artery  or  outside  of  its  lumen.  When  the  needle  is  properly  j^osi- 
tioned  an  automatic  injector  is  utilized  for  sustained  and  even  injection  under 
pressure.  Serial  films  of  the  cerel)ral  circulation  are  taken  with  a  rai)id  film- 
changing  device  so  that  the  arterial,  intermediate,  and  venous  phases  are  ob- 
tained. Films  are  taken  in  the  anterior-posterior  and  lateral  projections.  De- 
pending on  the  area  of  the  brain  and/or  blood  supjily  to  be  studied  an  injection 
of  either  the  carotid  or  the  brachial  artery  is  performed. 

Carotid  Versus  Brachial  Injection.  Injection  of  the  left  or  right  carotid 
artery  visualizes  only  the  anterior  circulation  of  the  brain  on  the  side  injected,  i.e. 
the  anterior  and  middle  cerebral  arteries  (Figs.  13  and  14)  ;  occasionally  the 
posterior  cerebral  artery  also  fills. 
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All  aoi'lic  arch  study  I  Fij;.  shows  the  normal  aiialoiiiy  ol'  the  vessels  aris- 
in<^  from  tlu'  arch  of  the  aorta.  Since  retrograde  (pressure)  injection  of  the  left 
brachial  arti'iy  lills  only  the  left  verteliral  artei'v  the  posteiior  circulation  of  the 
brain  is  the  only  part  \  isualized,  i.e.  left  \-ei  tel)i-al,  basilar,  left  and  i  i^lit  I'ere- 
l)ellar  and  posterior  cei-ebi-al  arteries  I  Fi<>;.  16l.  A  retrograde  rii^ht  bi'acliial  in- 
jection, lioweA'er,  iills  both  the  right  carotid  and  right  vertebral  arteries  thus 
visualizing  both  the  anterior  and  jiosterior  ciiculations  (Fig.  17  I.  However,  due 
to  ()verlap|)ing  of  blood  vessels  in  the  anterior-posterior  \ie\v  \isualization  of 
the  anterior  circulation  is  best  achieved  by  direct  injection  of  the  ai)propriate 
carotid  artery  (Fig.  I4i.  If  the  contralateral  caiotid  artc^ry  is  manually  com- 
pressed during  the  couise  of  a  carotid  injection  the  intracranial  vessels  on  both 
sides  will  be  visualized  (Fig.  18).  The  iiosteiior  circulation  is  visualized  best  by 
a  left  brachial  injection  or  by  direct  injection  of  the  vertebral  artery.  Although 
the  complications  from  cerebial  arteriography  are  few  the  danger  and  discom- 
fort is  considerably  less  when  the  brachial  artery  is  the  site  of  injection. 

Abnormal  Radiologic  Findings 

A  sim])litied  classification  of  the  abnormal  liiidings  on  cerel)ral  angiography 
includes: 

\.  Vessel  abnormalities 

2.  Alterations  in  cerebral  circulation 

3.  Vessel  displacements 

Vessel  Almorinalities.  Narrowing  or  occlusion  of  vessels  of  the  neck  or  head 
frequently  cause  neurologic  symptoms  referable  to  distant  parts  of  the  brain. 
The  cerebral  angiogram  gives  information  as  to  the  jKitency  of  these  vessels  as 
well  as  a  dynamic  view  of  their  circulation.  Stenosis  or  occlusion  of  the  carotid 
(Fig.  19)  or  other  arteries  (Fig.  20)  may  be  responsible  for  poor  circulation  in 
any  of  the  cerebral  arteries  or  their  l)ranches. 

Localized  collections  of  abnormal  ves.sels  may  a])pear  as  a  stain,  blush,  or  as 
an  irregular  persistent  collection.  These  abnormalities  localize  the  exact  site  of 
the  lesion  and  often  indicate  its  etiology.  Characteristic  collections  of  abnormal 
vessels  characterize  metastatic  lesions  (Figs.  21  and  22),  glioblastomas  (Fig. 
23),  and  meningiomas  (Fig.  24).  Local  deformities  of  vessels  such  as  sjiasm, 
narrowing  and  dilatation  I  aneurysm )  are  also  evident  on  arteriography.  Arterio- 
venous malformations  (AVM)  are  also  included  in  this  category  (Fig.  25). 

Alterations  in  Cerebral  Circulation.  The  cerebral  blotxl  fk)W  mav  be  in- 
creased, decreased,  or  al)sent.  In  malignant  brain  tumors  there  is  early  filling  of 
the  veins  indicating  arterio-venous  shunting.  With  increased  intracranial  pres- 
sure or  atherosclerosis  the  circulation  time  is  delayed  so  that  there  is  a  prolonga- 
tion of  the  arterial  phase.  With  occlusion  of  blood  vessels  there  is  an  absence  or 
paucity  of  filling.  When  the  major  vessels  or  their  branches  are  occluded  col- 
lateral or  retrograde  filling  may  occur. 
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Displacement  of  Vessels.  The  aiUeriur  ccR'hral  artci'v  is  a  midline  .structure 
and  displacement  of  this  vessel  indicates  the  presence  of  a  mass  lesion  (Fig.  26) . 
The  middle  cerebral  artery  is  more  hiterally  placed  and  its  branches  form  the 
angiogra])hic  Sylvian  triangle  (Figs.  27  and  28).  Displacement  of  this  triangle 
whether  downward,  forward  oi'  ujjwai'd  indicates  the  location  of  the  mass  (Figs. 
29,  30,  31,  32).  Subdural  hematomas  characteristically  appear  as  an  avascular 
area  beneath  the  calvarium  and  displace  the  underlying  vessels  as  well  as  the 
anterior  cerebral  artery  across  the  midline  (Fig.  33).  In  addition  to  gross  dis- 
placements, local  deformities  of  vessels  such  as  stretching  or  bowing  indicate  the 
presence  and  location  of  a  mass  lesion  (Fig.  34) .  The  internal  cerebral  vein  is  a 
deep  midline  structure  (Fig.  35)  and  displacement  of  this  vessel  either  laterally, 
up,  or  down  is  a  sensitive  indicator  of  a  mass  lesion  (Fig.  36) . 


The  Normal  Carotid  Angiogram 

{See  facing  page) 


Fig.  13.  Right  Carotid  Injection  (lateral  view)  Visualizes  the  Anterior 
Circulation.  The  internal  carotid  (ICl,  middle  cerebral  (MC),  and  anterior 
cerebral  (AC)  arteries  are  visualized  during  a  carotid  injection. 

Fig.  14.  Right  Carotid  Injection  (anterior-posterior  view)  visualizes  the 
Anterior  Circulation.  The  internal  carotid  (ICj,  anterior  (AC),  and  middle 
cerebral  (MC)  arteries  are  shown  in  the  frontal  i^rojection. 
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Fig.  15.  Normal  Vessels  Arising  From  the  Aortic  Arch.  An  aortic  arch 
study  visualizes  the  left  vertebral  (LVl,  left  common  carotid  iL('C'),  right 
vei'tehral  iRVl,  and  i'ii>;lit  common  carotid  (RCCi  arteries. 


Fio.  16.  Left  Brachial  Injection  (lateral  view)  Visualizes  Only  the 
Posterior  Circulation.  The  injection  of  tlie  left  brachial  artery  fills  the  left 
vertebral  (V),  basilar  (B),  left  posterior  inferior  cerebellai'  (PIC),  left  and 
right  superior  cerebellar  (SC)  and  jjostcrior  cerebral  (PC)  arteries. 


(See  top  of  far  in  (/  page) 
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I'lc.  16.  {Ftir  cdiilioii  sec  luitlijiii  jdcing  page.) 
Fig  17.  Right  Brachial  Injection  (lateral  view)  Visualizes  Both  the 
Anterior  and  Posterior  Circulations.  The  anterior  cirfulation  filled  from  the 
right  carotid  (RC)  artery  includes  the  anterior  cerel)ral  (AC)  and  middle 
cerebral  (MC)  arteries.  The  posterior  circulation  includes  right  vertebral 
(RV),  right  posterior  inferior  cerebellar  (PIC),  basilar  (Bl,  superior  cere- 
bellar (SCl  and  po.'^tcrioi'  cci-cbT-al  iVi'}  ai'tories. 

The  Normal  Left  and  Right  Brachial  Angiograms 
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Fig.  19.  Stenosis  of  the  Internal  Carotid  Artery  in  the  Neck,  (left  carotid 
angiogram) . 


Fig.  20.  Occlusion  of  the  Internal  Carotid  Artery  Prior  to  the  Origin  of 
the  Anterior  and  Mid<lle  Cerehral  Arteries  (right  hracliial  angiogram). 

Vessel  Abnormalities 


Fk;.  21.  Stain:  Metastatic  Lesion  (anterioi'-])o.sterior  view). 
Fig.  22.  Stain:  Metastatic  Lesion  i  lateral  view). 

Vessel  Abnormalities 
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Fig.  23.  Stain:  Gliohlastonia  llatofal  view  I. 
Fig.  24.  Stain:  Meningioma  (lateral  view  I. 
Vessel  Abnormalities 
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Fig.  25.  Arterio-Venous  Malformation  I  rij^lit  brachial  angiogram). 
Fig.  26.  Displacement  of  the  Anterior  Cerebral  Artery  (left  carotid  angio- 
gram) .  A  left  frontal  tumor  has  displaced  the  anterior  cerebral  artery  (AC) 
across  the  midline  to  the  opposite  side. 
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Fig.  27.  Lateral  View  of  the  Normal  Sylvian  Triangle  (Idt  (  aiotid  an- 
giogram). The  Sylvian  Triangle  (A,B,C)  it^  formed  by  the  middle  cerebral 
artery  (MC)  and  its  branches. 

Fig.  28.  Anterior-Posterior  View  of  the  Normal  Sylvian  Trianfjle  (left 
carotid  angiogram).  The  Sylvian  Ti'iangle  as  seen  in  the  tVontal  projection. 

The  Normal  Angiographic  Sylvian  Triangle 
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Fig.  29.  Upward  Displacement  of  Sylvian  Triangle  (lateral  view).  The 
Sylvian  Triangle  is  displaced  upwards  due  to  elevation  of  the  middle  cerebral 
artery  and  its  hi-anches  by  a  temporal  lobe  tumor. 

Fig.  30.  Upward  Displacement  of  Sylvian  Triangle  (anterior-posterior 
view).  The  Sylvian  Triangle  is  displaced  upwards  by  a  tumor  of  the  middle 
cranial  fossa. 

Displacement  of  the  Angiographic  Sylvian  Triangle 
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Fig.  31.  Downward  Displacement  of  Sylvian  Trianfi;le  (lateral  view). 
The  Sylvian  Triangle  is  disiilaccd  downward  by  a  parietal  lobe  mass. 

Fig.  32.  Downward  Displacement  of  Sylvian  Triangle  (anterior-posterior 
view) .  The  Sylvian  Triangle  is  displaced  downward  by  a  parietal  lobe  mass. 


Displacement  of  the  Angiographic  Sylvian  Triangle 
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Fig.  33.  Displacement  of  Vessels  by  a  Subdural  Hematoma  (left  carotid 
angiogram,  frontal  view).  The  avascular  mass  displaces  and  compresses  the 
vessels  below  it  and  displaces  the  anterior  cerebral  artery  (AC)  across  the 
midline. 

Fig.  34.  Local  Deformity  of  Vessels  by  a  Mass  (right  carotid  angiogram). 
The  branches  of  the  middle  cerebral  artery  are  stretched  and  bowed  due  to  the 
presence  of  a  posterior  frontal  mass. 
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Fig.  35.  Normal  Venous  Phase  of  Right  Carotid  Angiogram  I  lati  ral 
view).  The  internal  cerebral  vein  (ICV)  and  its  branches  are  shown. 


Fig.  36.  Abnormal  Venous  Phase  of  Right  Carotid  Angiogram  (lateral 
view).  Posterior  and  ujjward  displacement  of  the  internal  cerebral  vein  (ICV) 
by  an  anteriorly  located  mass  (meningioma). 

Vessel  Displacements 

{Includes  Fig  33  to  Fig  36) 
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PNEUMOENCEPHALOGRAPHY 

Pnc'Uinoi'iici'plialoiiraiihy  i:^  the  radiological  Andy  of  the  ventricular  s<ystein 
and  (•erel)rosi)inal  fluid  pathways  of  the  brain  utilizin^i  air  as  the  conti'ast  agent. 
Although  the  first  of  the  tests  used  in  neuroradiology,  it  remains  an  inijiortant 
diagnostic  examination  and  is  freciuently  the  procedure  of  choice.  The  air  study 
best  demonstrates  i)athology  of  the  following  regions:  the  posterior  fossa,  the 
midline  brain  structures  and  the  region  of  the  sella  turcica.  Pneumoencephalog- 
raphy is  also  i)referable  to  angiography  when  there  are  no  clinical  or  electro- 
encephalographic  signs  indicating  which  half  of  tlie  bi'ain  is  involved  or  when 
there  is  evidence  of  diffuse  l)rain  involvement.  Today,  cerebral  angiograjihy  is 
performed  more  often  for  the  diagnosis  of  cerebral  disease  than  pneumoencepha- 
lography because  it  is  less  traumatic  and  frec|uently  furnishes  definitive  etiology. 
However,  both  studies  may  be  indicated  [jarticularly  when  the  cerebral  angio- 
gram is  negative  or  when  small  or  deeply  located  masses  are  suspected.  In  addi- 
tion, pneumoencephalography  furnishes  sui)i)lemental  information  regarding  the 
location  and  size  of  a  mass  as  well  as  concomitant  changes  in  the  ventricular 
system.  The  choice  and  order  of  arteriography  and/or  pneumoencephalography 
should  be  determined  by  the  neurologist  on  the  basis  of  the  clinical  problem. 

The  Procedure 

The  entire  examination  is  performed  in  the  radiology  dei^artment  under  the 
supervision  of  a  specially  trained  physician.  The  patient  is  premedicated  and 
food  withheld.  Pneumoencephalographic  chairs  are  now  available  so  that  the 
complete  examination  can  be  performed  with  the  patient  in  this  unit.  The  chair 
is  motor  driven  and  can  somersault  the  {)atient  360  degrees  in  either  a  forward 
or  backward  direction. 

A  lumbar  puncture  is  performed  and  fluid  may  be  withdrawn  for  cerebro- 
spinal fluid  studies.  The  presence  of  increased  intracranial  pressure  is  no  longer 
a  contraindication  for  i)erforming  an  air  study  nor  is  the  presence  of  a  space- 
occupying  lesion  of  the  cerebrum  and/or  posterior  fossa.  Previously,  patients 
with  ]iapilledema  and/or  brain  tumors  were  considered  poor  risks  for  pneumo- 
encephalography and  consequently  ventriculograms  were  performed.  Today, 
however,  using  fractional  techniques,  the  threat  of  tonsillai'  herniation  or  sudden 
decompensation  is  considerably  less. 

The  patient  is  positioned  with  his  chin  moderately  flexed  and  15  cc  of  air  in- 
stilled slowly.  This  will  provide  visualization  of  the  fourth  ventricle,  aqueduct, 
and  posterior  third  ventricle  (Fig.  37).  The  examiner  looks  for  displacement,  de- 
formities, or  lack  of  filling.  The  cisterns  of  the  jiosterior  fossa  can  be  visualized 
by  extending  the  patient's  head  while  7  cc  of  air  is  instilled. 


THE  NELItORADIOLOGICAL  EXAMINATIONS 


351 


Upon  completion  of  tlie  posterior  fossa  series,  an  additional  20  cc  of  air  is 
instilled  for  visualization  of  the  lateral  ventricles.  If  the  ventricles  are  of  normal 
size  this  aiiiouiit  of  air  will  ade(|uately  visualize  the  entire  ventiiculai'  sy.-tcin. 
A  good  guide  for  estimating  whether  sufficient  air  is  present  is  visualization  of 
the  shadow  of  the  thalanuis  in  the  floor  of  the  l)ody  of  the  venti'icle  in  the  erect 
series. 

At  this  time  the  spinal  needle  is  removed  and  the  patient  i)laced  first  with  brow 
up,  then  later  with  l)row  down,  thus  insuring  proper  vi.sualization  of  the  entire 
ventricular  system.  For  visualization  of  the  temporal  horns  a  360  degi  ee  forward 
somersault  is  made.  The  subarachnoid  spaces  over  the  cerebral  hemisi)heres  can 
also  be  visualized.  For  the  investigation  of  mass  lesions  in  certain  areas  of  the 
brain,  certain  modifications  of  the  routine  pneumoencephalographic  technique  is 
essential.  Detection  of  tumors  of  the  cerebello-pontine  angle,  such  as  acoustic 
neuromas,  depends  on  visualization  of  the  angle  cisterns.  Mass  lesions  in  and 
around  the  region  of  the  sella  turcica  can  be  visualized  with  an  unobstructed  view 
of  the  suj^rasellar  cisterns  and  anterior  recesses  of  the  third  ventricle.  This  is 
achieved  by  placing  the  patient  in  the  supine  position  with  the  head  fully  ex- 
tended. The  entire  examination  can  be  perforiued  in  less  than  one  hour. 

Abnormal  Radiologic  Findings 

The  abnormal  findings  on  pneumoencephalography  include  displacement,  de- 
formity, and  dilatation  of  the  ventricular  .system.  Displacement  of  such  midline 
structures  as  the  third  ventricle,  fourth  ventricle,  and  septum  pellucidum  are 
sensitive  indicators  of  the  presence  or  absence  of  space-occujiying  lesions  of  the 
brain  .such  as  neoplasms,  hematomas,  abscesses  and  cysts  ( Figs.  38  and  39) .  The 
direction  of  the  displacement  indicates  the  location  of  the  mass.  Deformities, 
signified  by  changes  in  the  size  and  shape  of  the  ventricles,  indicate  the  presence 
and  location  of  a  mass  (Fig.  40) .  Local  deformities  of  the  ventiicles  indicate  the 
location  of  a  mass  and  its  shai)e  ( Fig.  41 ) .  Dilatation  of  the  ventricles  occurs  with 
blockage  of  the  cerebrospinal  fluid  pathways  (Fig.  42)  and  witli  diffuse  loss  of 
brain  substance. 


Fig.  37.  Normal  Piieumoencephalogram  Showing  Visualization  of  the 
Ventricular  System.  The  fourth  ventricle  (IV),  aqueduct  of  Sylvius  (AS), 
third  ventricle  I  III),  and  lateral  ventricles  (LV)  are  visualized. 
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Displacement  of  the  Ventricular  System 


Fig.  39.  Midline  Displacement  of  the  Ventricular  System.  A  left  s^ulxluial 
hematoma  displaces  the  septum  pellucidum  and  third  ventricle  (III)  across 
the  midline. 

Fig.  40.  Depression  of  the  Roof  of  the  Lateral  Ventricle.  The  roof  of  the 
right  lateral  ventricle  is  dei)iessed  by  a  mass.  There  is  less  subarachnoid  air  in 
the  region  of  the  tumor. 

Displacements  of  the  Ventricular  System 
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Fig.  41.  Local  Deformity  of  the  Lateral  Ventricle.  The  air  within  the 
body  of  the  lateral  ventricle  outlines  the  tumor  mass. 

Fig.  42.  Dilatation  of  the  Ventricular  System.  The  fourth  ventricle  (IV), 
lateral  ventricle  ILV),  and  occipital  horn  (OH)  are  markedly  enlarged. 


Deformity  and  Dilatation  of  the  Ventricular  System 
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MYLEOGRAPHY 

]Myolof!;i'ai)liy  is  the  r;i(lioa;raphic  examination  of  the  contents  of  the  spinal 
canal.  It  enal)les  the  neurologist  to  study  and  e^■aluate  those  disorders  referable 
to  the  spinal  cord,  nerve  roots,  and  bony  vertebral  canal.  It  is  a  valuable  diag- 
nostic test  and  a  useful  aid  in  determining  the  type  and  course  of  treatment.  Al- 
though there  remains  a  sizeable  gap  in  our  understanding  of  disease  states  af- 
fecting the  spinal  cord  and  nerves  it  is  incumbent  upon  the  physician  to  utilize 
all  resources  available  to  him.  JMyelograjjliy  is  an  essential  part  in  the  complete 
neurological  evaluation  of  a  patient  when  si)inal  cord  or  root  problems  are  i)res- 
ent. 

The  Procedure 

A  myelogram  can  be  ])erformed  so  that  either  the  entire  region  or  a  specific 
region  of  the  spinal  canal  is  studied.  The  examination  is  performed  by  a  physi- 
cian in  the  radiology  department  in  a  room  i^rovided  with  a  fluoroscopic  tilt 
table  and  preferably  equipped  for  television  viewing.  The  patient'is  usually  pre- 
medicated  with  a  mild  sedative.  In  cases  where  myelography  is  contemplated  the 
routine  lumbar  jiuncture  may  be  ])ostponed  until  the  puncture  for  the  myelogram 
is  made.  At  that  time  manometries  should  l)e  done,  and  si;)inal  fluid  specimens 
obtained. 

Approximately  three  cc  of  contrast  media  is  instilled  and  a  Polaroid  x-ray 
film  is  taken  to  see  if  the  media  is  flowing  within  the  subarachnoid  space.  Usually 
a  total  of  15  to  18  cc  of  contrast  media  fPantopaque)  is  sufficient  for  a  myelo- 
gram. 

Under  fluoroscopic  control,  the  physician  can  see  the  movement  of  the  con- 
trast media  up  and  down  the  spinal  cord;  and,  when  indicated,  x-rays  are  taken. 
The  patient  is  placed  in  the  prone  position  with  a  harness  so  as  to  allow  for 
tilting  of  the  x-ray  table.  Occasionally,  during  the  examination  the  spinal  needle 
is  removed  and  the  jiatient  is  repositioned  in  the  supine  position  for  viewing  of 
the  posterior  portion  of  the  canal  and  foramen  magnum.  Otherwise,  the  needle 
is  kept  in  place  until  the  termination  of  the  examination,  so  that  the  Pantopaque 
can  be  removed  and,  if  desired,  medication  such  as  Depo-Medrol  instilled  intra- 
thecally.  It  is  essential  that  the  x-ray  films  include  all  of  the  proper  views  as  the 
success  of  a  complete  and  diagnostic  myelogram  is  dependent  upon  adequate 
visualization  of  the  suspected  area  of  pathology.  Upon  completion  of  the  ex- 
amination the  jjatient  may  resume  normal  activity  the  following  day.  Occasion- 
ally, low  back  and/or  radicular  pain  may  ensue  for  a  brief  period.  Isolated  cases 
of  post  myelographic  arachnoiditis  have  occurred,  l)ut  fortunately  the  incidence 
is  very  low,  and  even  lower  when  care  is  exercised  in  the  performance  of  the  ex- 
amination. 
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Indications 

Myelography  is  indicated  for  any  acute,  chronic,  or  sub-acute  condition  in 
which  the  site  of  pathology  is  referable  to  the  spinal  cord,  roots,  nerves,  oi'  the 
bony  spinal  canal.  The  conditions  and  disease  processes  involved  are  legion  and 
reference  will  be  made  only  to  the  more  common  disorders. 

Discogenic  disease,  with  its  complex  and  manifest  clinical  picture,  is  best 
evaluated  by  myelography.  The  choice  of  therapy,  conservative  or  surgical,  and 
the  course  of  the  condition  can  be  best  evaluated  when  a  myelogram  is  performed. 
Not  uncommonly,  a  tumor  presents  clinically  as  a  herniated  disc.  This  differen- 
tiation can  be  made  easier  with  a  myelogram.  In  other  instances,  slowly  progres- 
sive symptoms  suggesting  a  tumor  may  actually  be  an  extruded  disc.  This  is  par- 
ticularly common  in  the  cauda  equina  region.  Although  the  lumbosacral  and 
cervical  spine  are  the  most  common  sites  for  disc  disease  and  degenerative 
changes,  the  thoracic  spine  occasionally  is  the  site  of  such  disturbance.  The 
presence  of  radicular  pain,  motor  and/or  sensory  loss  in  any  limb  may  be  a  mani- 
festation of  arthritic  involvement  of  the  spine.  When  it  is  sufficiently  advanced, 
there  may  be  accompanying  spinal  cord  involvement.  Myelography  is  essential 
for  the  evaluation  of  the  site,  extent  and  nature  of  the  spondylotic  process.  Cer- 
vical spondylosis  has  often  been  found  to  simulate  the  clinical  picture  of  multiple 
sclerosis,  so-called  primary  lateral  sclerosis,  and  amyotro])hic  lateral  sclerosis. 
Bizarre  symptomatology  such  as  impotence,  sphincter  disturbance,  and  loss  of 
muscle  bulk  are  often  manifestations  of  arthritic  involvement  of  the  spine. 

Myelography  is  essential  for  the  study  of  tumors  of  the  spinal  canal.  Neo- 
plasms can  be  present  within  the  bony  canal,  the  covering  or  meninges  of  the 
spinal  cord,  or  in  the  spinal  cord  itself.  Dilfcrcntiation  can  best  be  made  by 
myelography  and  is  essential  in  determining  the  exact  site  and  nature  of  the 
tumor.  Such  information  will  enable  the  neurologist  to  decide  whether  radio- 
therapy, surgery,  or  conservative  management  is  required. 

Abnormal  Radiologic  Findings 

Mass  lesions  arising  from  the  spinal  cord  such  as  gliomas  are  recognized  on 
myelography  by  the  widening  of  the  spinal  cord  shadow  and  the  narrowing  of 
the  column  of  Pantopaque  (Fig.  43) .  Mass  lesions  arising  from  the  spinal  cover- 
ings such  as  meningiomas  and  neurofibromas  show  characteristic  intradural  de- 
formities of  the  Pantopaque  column.  Since  they  arise  from  the  meninges  they 
cause  widening  of  the  Pantopaque  column  and  concurrent  displacement  of  the 
spinal  cord  (Figs.  44  and  45) .  Tumors  of  the  bony  vertebral  canal  or  those  pres- 
ent within  the  spinal  canal  itself  cause  a  characteristic  extradural  deformity. 
These  masses  compress  the  spinal  coverings  and  cause  both  narrowing  and  dis- 
placement of  the  Pantopaque  column.  Herniated  discs  produce  such  extradural 
defects  at  the  intervertebral  disc  space  (Fig.  46). 
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In  case?;  of  acute  or  cliionic  si)inal  cord  coin})rc88ion  myelography  will  detect 
wlietlu'r  or  not  there  is  a  partial  or  couiplctc  block  to  the  flow  of  cerebrospinal 
fluid.  The  ef!'ecti\-eness  of  a  deconii^'ession  whether  surgical  or  by  radiotherapy 
can  be  subsequently  evaluated  on  repeat  myelograi)hy.  Less  connnon  lesions  such 
as  arteriovenous  malformations,  cysts  and  syrinx  are  best  demonstrated  on  my- 
elography. 

Myeloencephalotjraphy  and  Special  Techniques 

As  a  further  extension  of  the  versatility  of  myelogra])hy,  the  structures  within 
the  posterior  fossa  have  been  studied  with  Pantopaciue.  The  myeloencephalo- 
gram  or  MEG  is  performed  in  the  same  manner  as  a  routine  myelogram  except 
that  the  patient  is  placed  in  the  supine  position  and  the  tal)le  tilted  so  as  to  en- 
able proper  outlining  of  the  4th  ventricle,  aqueduct,  and  jwsterior  third  ventricle 
with  contrast  media.  This  technique  is  performed  when  other  contrast  examina- 
tions have  furnished  insufficient  information  concerning  sjiace-occupying  lesions 
in  the  posterior  fossa.  A  modification  of  this  examination  is  the  fossagram  in 
which  the  basilar  cisterns  of  the  brainstem  are  outlined  with  Pantopaque.  This 
is  of  great  aid  in  the  diagnosis  of  acoustic  nerve  tumors. 

In  addition  to  the  use  of  radiopaque  contrast  media,  air  is  used  to  outline  the 
si)inal  cord  in  myelography.  However,  its  use  is  limited  to  only  certain  areas  of 
study.  The  use  of  video  viewing  and  simultaneous  tape  recording  of  myelograms 
has  greatly  facilitated  the  speed  and  efficacy  of  the  examination  and  is  an  ex- 
ample of  the  many  advances  that  have  recently  l)een  made. 
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Fig.  43.  Intramedullary  Spinal 
Cord  Mass  (myelogram,  frontal 
view).  Widening  of  the  cord  shadow 
and  narrowing  of  the  column  of  con- 
tra.st  media  by  a  glioblastoma  of  the 
upper  cervical  cord. 


Fig.  44.  Extramedullary  Intra- 
dural Mass  I  myelogram,  lateral 
\  iew ) .  The  column  of  contrast  media 
is  blocked,  widened,  and  the  cord  sha- 
dow displaced  (arrow)  by  a  thoracic 
meningioma. 


Intra  and  Extramedullary  Spinal  Masses 
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Fig.  45.  ExtrameduUary  Intradu- 
ral Mass  (myelogram,  frontal  view). 
The  smooth,  dome  shaped  outline  of  a 
mass  within  the  lower  lumbar  intra- 
dural space  is  outlined  by  the  column 
of  contrast  material.  The  column  is 


thinned  around  it  and  witlened  (ar- 
rows ) . 

Fig.  46.  Extradural  Mass  (myelo- 
gram, oblique  view).  The  colunm  of 
contrast  media  is  indented  at  L5-S1  by 
a  herniated  disc. 


Intra  and  Extradural  Spinal  Masses 


J  O  XJ  R  N  A  h     O  F     M  ()  V  \  T     S  I  X  A  I     11  ()  S  I'  1  T  A  I.  •  V  ()  I..     XXXIII-  X  O.  5 


3ln  iilemoriam 

JOHN  H.  GARLOCK 
1<S9()  1965 

June  I),  1965,  while  working  on  the  hist  chapter  of  a  hook  on  gasti'o- 
intestinal  surgery,  Dr.  John  H.  Garlock  suffered  a  vascular  catastrophe  which 
was  rapidly  fatal. 

John  (Jarlock  was  horn  in  New  York  City  August  29,  189tj.  lie  was  an 
excellent  student,  completing  the  course  at  Townsend  Harris  High  School  in 
three  years.  He  graduated  with  highest  honors  in  his  class  including  the 
prizes  in  Latin,  Greek,  German,  and  Zoology  and  he  was  Valedictorian  of  his 
class.  Following  premedical  preparation  at  the  College  of  the  City  of  New 
York,  he  attended  Columbia  University  and  then  the  College  of  Physicians 
and  Surgeons.  He  was  elected  to  membershij^  in  the  Alpha  Omega  Alpha 
honorary  medical  society  and  graduated  in  1919  with  the  degrees  of  Bachelor  of 
Arts  and  Doctor  of  Medicine. 

He  then  won  the  coveted  appointment  to  the  Surgical  Service  of  Dr.  Eugene 
Pool  at  New  York  Hospital.  Under  the  tutelage  of  this  strict  taskmaster  and 
well-known  surgeon.  Dr.  Garlock  received  his  fundamental  surgical  training 
and  was  exjjosed  as  well  to  exercises  calculated  to  develop  high  standards  of 
character  and  personal  behavior.  He  idolized  his  chief,  and  always  strove  to 
follow  his  precepts  of  concise  thinking,  resolution  of  purpose,  personal 
integrity  and  devotion  to  the  ideal  of  i)rofessional  perfection. 

Two  years  after  completing  his  training  as  House  Surgeon  he  was  appointed 
Assistant  Visiting  Surgeon  at  New  York  Hospital  in  1923,  Instructor  in 
Surgery  at  Columbia  University  in  1925,  and  shortly  thereafter  Assistant 
Clinical  Professor  of  Surgery  at  Cornell  University  Medical  College.  During 
these  early  years  he  was  concerned  chiefly  with  general  surgery,  traumatic 
surgery,  plastic  surgery,  thyroid  surgery,  and  the  surgery  of  the  hand. 

In  1933  Dr.  Garlock  came  to  The  Mount  Sinai  Hospital.  He  advanced  rapidly 
through  the  Attending  Staff  ranks.  Three  and  one-half  years  later  he  was 
appointed  Attending  Surgeon  and  Chief  of  the  Surgical  Service.  His  was  the 
opportunity  to  follow  in  the  Mount  Sinai  tradition  of  gastrointestional 
surgery.  He  gained  extensive  experience  in  the  problems  relating  to  the 
surgical  treatment  of  peptic  ulcer,  gastric  cancer,  inflammatory  diseases  of  the 
small  and  lai-ge  bowel  and  surgery  of  the  biliary  tract,  and  contributed 
significantly  to  the  literature  in  these  fields. 

In  1937  the  esophagus  was  still  in  the  "No  Man's  Land"  of  surgery. 
Dr.  Garlock  undertook  the  challenge  of  the  surgical  attack  on  cancer  of  this 
organ  and  of  the  gastric  cardia.  It  was  not  long  before  his  work  in  developing 
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successful  new  t('cluii<nics  won  liini  woi'ld-wide  recognition  as  a  pioneer 
contributor  in  this  iiitherto  inaccessil)le  area.  During  ensuing  years  his 
interest  in  the  esophagus  led  him  to  gain  extensive  experience  in  the  therapy  of 
other  esophageal  lesions  as  well  inchuHng  hiatus  heiiiia,  esophagitis,  stricture, 
diverticula  and  achalasia. 

Dr.  (Jarlock's  contributions  to  tlie  surgical  literature  ruuiiber  upwai'ds  of 
one  luuKh'ed  sixty-five  jiublications  including  a  monograph  on  the  surgery  of 
the  hand  and  chapters  on  esophageal  and  intestinal  surgery.  His  magnmn 
opus,  a  book  setting  forth  his  extensive  personal  experience  in  the  surgery  of 
the  alimentary  tract,  is  to  be  published  soon. 

Dr.  Garlock  was  considered  not  only  a  master  surgeon  in  terms  of  technical 
grace  and  facility  in  the  operating  room,  but  a  good  practitioner  as  well.  His 
diagnostic  clinical  judgment  and  acumen  were  highly  developed.  He  was 
also  an  excellent  consultant.  He  was  fond  of  saying  that  a  day  was  wasted  in 
which  he  did  not  learn  something  new.  Severely  critical  in  his  own  work,  he 
consistently  refused  to  follow  unproven  facts  in  surgery,  yet  he  never  hesitated 
to  alter  his  ]iersonal  concepts  and  techniques  in  accordance  with  newly  de- 
veloped sound  i)hysiological  ju-inciples. 

Dr.  Garlock  has  the  unique  distinction  of  being  a  founding  member  of  the 
American  Board  of  Surgery,  the  American  Board  of  Thoracic  Surgery,  and  the 
American  Board  of  Plastic  Surgery.  He  was  also  a  member  of  the  American 
Gastroenterological  Association  and  the  New  York  Surgical  Society,  and  a 
Fellow  of  the  American  College  of  Surgeons  and  the  New  York  Academy  of 
jNIedicine.  Other  honors  included  an  invitation  to  give  the  John  Hunter  Luck 
Lecture  at  the  Royal  College  of  Surgeons  in  London  in  1947  and  to  address 
the  French  Academy  of  Surgery  a  few  days  later  to  present  his  work  in  the 
then  new  surgical  treatment  of  cancer  of  the  esophagus  and  gastric  cardia. 
For  many  years  he  was  Clinical  Professor  of  Surgery  at  Columbia  University. 
He  was  also  a  Chevalier  of  the  French  Legion  of  Honor  and  a  honorary  mem- 
ber of  the  Brazilian  College  of  Surgeons,  the  Surgical  College  of  Chile  and  the 
Japanese  Surgical  Association. 

His  intense  activity  in  surgery  notwithstanding,  Dr.  Garlock  found  time  to 
develop  interests  in  other  fields.  He  served  on  various  committees  of  the  New 
York  County  Medical  Society  and  served  a  term  as  its  President.  He  was  well 
known  for  his  interest  in  music  and  was  an  accomplished  pianist.  In  addition, 
he  sponsored  aid  to  indigent  musicians  and  played  an  important  part  in 
launching  the  career  of  a  well-known  concert  violinist.  He  also  became  adept 
as  an  amateur  [lainter  in  oils  and  watercolors. 

Dr.  Garlock  was  for  many  years  interested  in  the  Hebrew  University  in 
Israel.  He  was  a  Trustee  of  the  American  Friends  of  the  Hebrew  University, 
and  as  Chairman  of  the  American  Jewish  Physicians  Committee  he  directed 
fund  raising  activities  for  several  years.  In  his  honor,  an  operating  room  in  the 
Hadassah  Hospital  bears  his  name. 

Although  frequently  gruff  in  manner,  John  Garlock  was  loved  and  respected 
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b}^  his  patients,  house  staff  and  nursing  staff',  and  by  the  many  disciples  who 
trained  under  his  auspices.  He  was  not  a  "spoon-feeding"  teacher;  rather,  he 
believed  that  a  surgeon  should  learn  by  example,  by  observation,  and  by  self 
application  in  the  develoi)ment  of  techniques  and  habits  of  logical  thinking 
and  study.  It  is  indeed  noteworthy  that  many  of  the  men  who  worked  with 
Dr.  Garlock  have  themselves  achieved  positions  of  rank  and  responsibility. 
Their  accomplishments  afforded  him  much  personal  satisfaction  and  pleasure. 

This  untimely  loss  has  left  a  great  void  among  us.  John  Garlock  is  sorely 
missed.  His  achievements  not  only  greatly  enriched  the  century  old  tradition 
of  ^Mount  Sinai,  but  also  earned  him  many  honors  in  this  country  and  abroad. 
It  is  certain  that  his  memory  shall  long  endure. 

BuRRiLL  B.  Crohx,  M.D. 
ior  the 
Editorial  Board 


External  Scanninjj;  of  Internal  Hcla-Kniillers 


N.  SIMON,  M.U.,  S.  1<1<;1TKLBERG,  M.D.,  R.  R.  P.  WARNER,  M.D., 
E.  M.  GREENSPAN,  M.D.,  S.  EDELMAN,  M.D.,  and 
M.  G.  BARON,  M.D. 

Scanning  for  the  (Ictcction  of  radioactix'c  inatcrial  within  the  human  body 
usually  (k'lx'nds  upon  the  emission  of  gamma  rays  fi'om  the  radioactive 
isotope.  The  distribution  in  the  body  of  the  gamma-emitting  isotope  can  be 
determined  by  moving  the  detector  (scintillation  crystal)  over  the  surface  of 
the  portion  of  the  body  to  be  examined,  the  i)rocess  of  scanning.  The  record 
made  of  the  detected  gamma  rays  constitutes  a  map  of  the  distribution  of  the 
isotope  within  the  l)ody.  Gamma  rays  of  clinically  useful  isotopes  are 
sufficiently  jienetrative  to  emerge  from  the  patient  and  to  be  detected  and 
recorded  by  the  scanner. 

The  detection  of  internally  deposited  isotopes  which  emit  beta  particles 
(electrons) ,  however,  has  not  been  clinically  feasible.  Beta  particles,  less  pene- 
trative than  gannna  rays,  are  absorbed  l)y  a  few  millimeters  of  tissue.  Hence 
internally  administered  beta-emitting  isotopes  have  not  been  considered  suit- 
able for  detection  by  scanning.  However,  oiu'  recent  observations  indicate  prac- 
tical external  detection  of  internal  beta  emitters  in  the  abdomen. 

Beta  particles  (electrons)  have  finite,  short  ranges  in  tissue,  their  pene- 
tration depending  on  their  energy.  As  an  example,  phosphorus-32  is  a  pure 
beta-emitter.  The  maximal  energy  of  its  beta  particle  is  1.7  mev  with  a 
range  in  tissue  of  9  mm.  Thus,  the  energy  from  the  deeply  imbedded  P^-  in  the 
body  would  ostensibly  be  absorbed  comjjletely.  Localizing  this  beta-emitting 
isotope  by  measuring  the  beta  particles  themselves  would  involve  placing  the 
detector  inside  or  very  close  to  the  tissue  containing  the  P^".  But  beta 
particles  traversing  through  tissue  lose  some  of  their  energy  as  Ijremsstrahlung, 
secondary  x-rays  like  those  generated  in  an  x-ray  tube.  The  efficiency  of 
this  conversion  of  energy  to  bremsstrahlung  is  low,  especially  in  tissue  which 
is  of  relatively  low  atomic  number.  Because  of  this  known  low  efficiency  little 
attempt  has  been  made  to  detect  internal  beta-emitting  isotopes  with  scintil- 
lation crystal  scanning  equipment.  (Jur  ])i  eliminary  attempt  to  detect  and  scan 
yttrium-90  and  phosi)horus-32  within  the  abdomen  resulted  in  scans  which  were 
surprisingly  good  and  which  provided  clinically  useful  data. 

CASE  REPORTS 

Ca.se  1 

A  53  year  old  housewife  has  had  attacks  of  flushes,  cramps,  nausea,  diar- 
rhea, vomiting,  prostration  and  hypotension  due  to  abdominal  carcinoid  tumor 

From  the  DepartmeiiLs  of  l^adiotherapy,  Andre  Meyer  Department  of  Physics,  De- 
partment of  Medicine,  Gastrointestinal  Division,  Department  of  Medicine,  D(  ]iartments  of 
Surgery  and  Radiology  of  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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for  the  past  6  years.  Needle  asjiiration  biopsy  of  the  Uver  estabhshed  tlie  (hag- 
nosis  in  1961.  Recent  abdominal  operation  to  catheterize  the  hepatic  artery 
showed  tumor  involvin<2;  the  liver,  but  the  exact  site  of  the  primary  tumor  was 
not  determined.  During  these  past  6  years  of  her  illness  she  has  been  treated 
with  chemotheraiiy  and  external  radiation.  At  one  time  5  fiuorouracil  (5  FU) 
was  injected  into  the  hepatic  artery,  and  later  the  patient  had  a  constant  drip 
of  o  fluorodeoxyuridine  (5  FUDR)  in  the  indwelling  arterial  catheter  for  5 
months.  For  9  months  Cytoxan  was  given  by  mouth.  A  large  mass  in  the  livei' 
was  also  treated  with  cobalt  teletherapy,  an  exposure  dose  of  3000  rad  in  3 
weeks  through  a  12  by  12  cm  field.  Symptomatically,  the  patient  had  responded 
favoraldy  to  these  therajieutic  methods,  and  the  serum  serotonin  levels  droiiped 
temporarily  with  each  -series  of  treatments.  When  her  symptoms  and  signs  re- 
turned she  was  readmitted  to  The  Alount  Sinai  Hospital  for  internal  irradiation 
of  the  liver  with  yttrium-90.  On  admission  the  ])atient  was  having  frec[uent 
carcinoid  attacks.  The  liver  was  large,  its  lower  border  was  notched  and  nodu- 
lar. The  estimated  weight  of  the  liver  was  2500  gm,  and  its  lower  edge  was  5  cm 
below  the  right  costal  margin.  Under  fluoroscoiiic  control  a  catheter  was  passed 
percutaneously  through  the  left  axillary  artery  into  the  hepatic  artery.  Some 
temporary  technical  difficulty  was  met  in  passing  this  catheter  because  of  the 
distorted  anatomy  associated  with  the  tumor  and  with  previous  abdominal 
operations.  AYhen  an  arteriogram  verified  the  position  of  the  catheter  in  tlu' 
hepatic  artery  (Fig.  1),  50  mc  of  Y'"'  was  injected  into  the  hepatic  artery,  pre- 
sumably in  the  distribution  indicated  in  the  arteriogram.  The  Y""  was  bound 
firmly  to  plastic  spheres  15  microns  in  diameter  and  suspended  in  dextran  (3M 
Brand  Yttrium  ^Microspheres! .  To  iletermine  whether  the  Y^"  was  in  the  liver, 
a  scan  was  made  2  days  after  the  injection  of  the  isotope.  The  s])ectrometer  was 
set  to  measure  bremsstrahlung  between  75  and  300  kv,  and  the  maximal  counts 
per  minute  were  28.000  (Picker  Color  Magnascanner  III,  3  in  x  2  in  Xal 
crystal).  The  resultant  color  scan  (Fig.  2)  shows  the  activity  of  the  Y'**'  to 
coincide  well  with  the  distribution  of  the  vessels  as  seen  in  the  corresponding 
arteriogram  (Fig.  1). 

Case  2 

A  40  year  old  woman  had  carcinoma  of  the  ovary  and  ascites  for  one  year. 
Her  disease  had  been  under  control  by  chemotherapy,  hormone  (androgen) 
therapy  and  occasional  paracentesis.  The  present  admis.sion  to  The  iMount 
Sinai  Hospital  was  for  another  abdominal  tap  and  the  instillation  of  P-^-  into  the 
abdomen  to  suppress  the  formation  of  fluid.  A  plastic  jiaracentesis  tube  was 
inserted  into  the  peritoneal  cavity  in  the  right  lower  quadrant  of  the  abdomen 
and  5  liters  of  fluid  drained  oft'  into  the  bedside  bottle  in  48  hours.  The  tube 
was  obstructed;  no  solution  could  he  injected  into  it.  The  abdomen  was  flat 
and  "dry.'"  Through  a  14-T  needle,  another  plastic  tube  was  inserted  into  the 
peritoneal  cavity  on  the  left;  the  exact  placement  of  this  tube  was  uncertain 
because  of  the  distorting  masses  of  tumor.  Chromic  phosphate  (P-^-)  colloid, 
5  mc  in  5  ml  of  solution,  was  injected  into  the  peritoneal  cavity  and  50  cc  of 
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sterile  saline  injected  to  follow.  The  i)atient  was  then  instructed  to  change 
positions  in  bed  to  atteni])t  spreading  of  the  radioactivity  through  the  abdomen. 
Two  days  later  a  scan  of  the  anterior  abdomen  was  iriade  to  determine  the 
distribution  of  the  radioactive  colloid  in  the  abdomen. 

The  sjjecti'oineter  window  was  set  between  75  and  300  kv,  and  tlie  maximal 


Fig.  1.  Injection  of  contrast  material  through  the  catheter  confirms  its  position  in  the 
common  hepatic  artery.  The  catheter  was  passed  perciitaneously  through  the  left  axillary 
artery  and  advanced  into  the  celiac  artery  until  its  tip  was  distal  to  the  origins  of  the 
splenic  and  gastric  vessels. 

counts  were  10,000  counts  per  minute.  In  the  color  scan  (Fig.  3),  the  activity 
is  distributed  throughout  the  abdomen.  Although  the  distribution  is  not  even, 
no  indication  of  significant  loculation  is  demonstrated. 

DISCUSSION 

The  ability  to  determine  the  distribution  in  the  body  of  a  beta-emitting 
isotope  is  of  clinical  value.  Y'^"  microspheres  arc  now  l)eing  used  for  intra- 
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vascular  injection  in  the  attenii)t  to  confine  irradiation  to  a  single  organ.  The 
exact  localization  of  the  microspheres  has  been  studied  in  the  past  by  making 
test  microspheies  containing  gamma-emitters  and  injecting  these  in  tracer 
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Fig.  2.  Color  scan  of  the  liver  of  patient  with  carcinoid  tumor  (Case  1)  The  Y'"  micro- 
spheres ^wre  injected  directly  into  the  common  hepatic  arterv.  The  hi-hest  intensity  of 
bremsstrahhmK  is  m  red,  mdicatino;  that  the  microspheres  aiv  (  unr.'nt  rated  in  thc'ihs- 
tribution  ot  the  intra-artenal  ,-.,ntra.st  material  in  Fig.  1,  The  imvi  r  .M.lid  line  represents 
the  palpable  edge  ot  the  en  arg.-.l  liver.  The  dotted  line  nhove  it  is  the  costal  margin  with 
the  xiphoid  to  show  the  midline. 


amounts  for  scanning  while  the  beta-emitting  isotope  simultaneously  carries 
the  biologically  effective  radiation.  Thus  Kim  and  associates  (2)  have  used 
scandium-46,  a  strong  gamma-emitter,  and  Ariel  (3)  has  used  ytterbium- 
169  to  obtain  scans  of  the  distribution  of  microspheres.  With  the  use  of  the 
beta-emitting  therapeutic  isotope  Y''"  .such  tracer  doses  of  gamma-emitting 


EXTERNAL  SCANNING  OF  INTERNAL  BETA-EMITTKRS 


is()t()|)cs  ;u('  uiiiU'CcsMiiy  since  the  Y'"'  |)i-()\-iilcs  sniiicicnt  hi'ciiis.sd-aliluiiK  to 
iiKike  tlie  s;cans. 

A  scan  of  other  organs  may  lielj)  to  determine  wlietiiei'  nilia-arierialiy  injected 
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Fig.  3.  Color  scan  of  the  abdomen  (Case  2)  after  the  intraperitoneal  injection  of 
chromic  iihospliatc  (P"-)  colloid.  The  activity  i.s  distributed  diffuselv  throughout  the 
abdomen;  no  significant  "hot  spot"  is  demonstrated.  Umbilicus,  costal  margins,  iliac  spines 
and  pubis  are  drawn  on  the  scan. 


Y90  microspheres  have  been  injected  only  into  the  desired  region.  For  example, 
if  there  is  spill-over  from  the  hepatic  artery  into  the  celiac  axis  and  aorta, 
activity  might  be  picked  up  in  the  feet  or  pelvis.  A  scan  of  the  pelvis  and  feet 
of  the  patient  described  in  Case  1  showed  no  discei-nil)le  activity  in  these 
regions. 

Now  that  percutaneous  intra-arterial  catheterization  of  many  vessels  is  a 
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clinically  practical  procedure,  the  ability  to  i^can  beta-emitting  isotopes  in  the 
distribution  of  these  vessels  should  be  useful  in  showing  the  exact  distribution 
of  intra-arterially  injected  isotopes. 

For  about  20  years  radioactive  isotopes  (mainly  gold-198  and  P'^-)  have 
been  used  for  the  treatment  of  pleural  effusions  and  ascites  due  to  cancer. 
Au'""*  in  the  form  of  a  colloid  of  gold  chloride  was  favored  for  such  therapy  in 
The  Mount  Sinai  Hospital  because  its  400  kv  gamma  ray  enabled  us  to 
follow  its  distribution  in  the  pleura  or  peritoneal  cavity  by  external  counting 
or  even  by  actual  radioautograph  of  the  jiatient  on  a  large  x-ray  film  l4l.  The 
scan  (Fig.  3)  of  the  patient  (Case  2)  demonstrates  that  we  can  locate 
P-''-  without  exposing  personnel  to  the  gamma  rays  from  radioactive  gold  and 
without  giving  the  patient  an  unnecessarily  higher  integral  dose  from  the  gold. 
The  scans  of  the  bremsstrahlung  from  P'^-  should  demonstrate  the  advantage  of 
this  isotope  over  Au^''**  where  isotopes  are  indicated  in  the  treatment  of  intracta- 
ble effusions. 

Conversion  of  beta  radiation  to  bremsstrahlung  is  a  very  inefficient 
process  (5).  The  ionizing  events  detected  from  the  bremsstrahlung  from  P'^-  in 
tissue  represent  only  a  small  fraction  of  the  ionizing  events  detected  from 
the  beta  particle  emission.  Despite  the  inefficiency  of  the  conversion  of  beta 
radiation  to  bremsstrahlung,  therapeutic  doses  of  isotopes  are  so  high  that  the 
counting  of  bremsstrahlung  is  feasible.  Diagnostic  test  or  tracer  doses  may 
not  yield  sufficient  bremsstrahlung  for  practical  counting.  In  our  preliminary 
scans  the  s]iectrometer  was  set  to  exclude  energies  below  75  and  above  300 
kv,  but  more  efficient  settings  and  factors  may  result  from  further  experience. 

SUMMARY 

Available  scanning  de\-ices  are  able  to  detect  and  record  the  distribution  of 
beta  particle  emitting  radioisotopes  within  the  body.  Scans  of  Y**"  injected 
intra-arterially  and  scans  of  P-^-  injected  intrapei'itoneally  are  practical 
clinical  applications. 
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As  recently  as  ten  ycai's  ago,  was  cxpi'csscil  that  Mccding  rarely,  if 

ever,  oecuricd  in  dixciticular  disease.  At  a  joint  meeting  of  The  American 
College  of  Suigeons  and  The  Royal  College  of  Sui'geons  of  England  (1) 
in  1954  all  niemhers  of  a  panel  stated  that  they  had  no  experience  with 
massive  bleeding  fi'om  di\'crticulitis  of  the  colon.  Yet  Rives  and  Emmett  (3) 
in  the  same  year  concluded  from  their  study  of  j^atients  with  melcna,  at 
Charity  Hospital  in  New  Orleans,  that  diverticular  disease  of  the  colon  was 
the  most  common  cause  of  massive  bleeding  from  the  lower  gastrointestinal 
tract.  Noer  (2)  in  1955  reviewed  28  series  of  cases  reported  between  1934  and 
1954  and  foimd  that  bleeding  occurred  in  from  3  to  47  per  cent  of  cases,  mo.st 
reporting  an  incidence  of  between  10  to  30  per  cent.  Severe  hemorrhage  oc- 
curred in  2  to  6  [jer  cent  of  cases. 

Six  cases  admitted  recently  to  the  surgical  service  of  The  Mount  Sinai 
Hospital  with  massive  hemorrhage  from  diverticular  disease  are  presented.  In 
four  cases  severe  hemorrhage  did  not  abate  and  emergency  colonic  resection 
was  required.  Two  patients  stopi^ed  bleeding  and  then  had  elective  resection. 

CASE  NO.  1 

A  67  year  old  achondroi)lastic  Negro  man  was  admitted  to  The  Mount  Sinai 
Hospital  for  the  first  time  March  28,  1963  with  a  six-hour  history  of  rectal 
bleeding.  In  1936  he  had  passed  red  blood  per  rectum  and  had  had  a 
hemorrhoidectomy  at  another  hospital.  There  was  no  further  bleeding  until 
1956  when  he  was  admitted  elsewhere  with  bright  red  rectal  bleeding.  An 
investigation  was  said  to  reveal  "pockets"  in  the  intestine. 

At  10  p.m.  on  March  28,  1963  he  began  passing  many  large  bloody  stools 
with  clots.  He  appeared  in  the  emergency  room  and  was  admitted  to  the 
hospital.  He  had  no  other  gastrointestinal  complaints. 

Physical  examination  revealed  a  short  stocky  man  with  a  long  torso  and 
stunted  extremities  typical  of  achondroplasia.  His  blood  pressure  was  100/70 
and  pulse  100.  The  abdomen  was  soft,  non-tender,  and  obese.  No  organs  or 
masses  were  felt.  Rectal  examination  was  negative  except  for  dark  red  blood 
and  clots.  The  hematocrit  was  25.  Sigmoidoscopic  examination  was  possible 
only  to  9  cm,  where  marked  angulation  prevented  further  penetration.  The 
mucosa  was  normal  and  the  rectum  was  filled  with  dark  red  blood  and  clots. 

Five  hundred  ml  of  whole  blood  was  started  but  discontinued  after  300  ml 
because  of  shaking  chill.  His  vital  signs  were  stable  until  2  p.m.  on  March  29, 
1963  when  his  blood  pressure  fell  and  further  transfusion  was  necessary.  By 
9  p.m.  bleeding  became  profuse  and  continuous  and  required  rapid  replacement. 
An  emergency  barium  enema  revealed  many  diverticula  throughout  the  colon 
(Fig.  la).  The  patient  was  taken  to  the  operating  room  having  received  9000 
ml  of  blood  from  time  of  admission  to  oi)eration. 
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At  operation,  the  entire  colon  was  filled  with  blood,  the  left  colon  being 
most  markedly  distended.  There  were  multiple  diverticula  involving  all  of  the 
colon.  Two  colotomies  were  performed,  one  in  the  sigmoid  and  one  in  the  distal 
transverse  colon.  After  aspiration  of  colonic  contents  through  these  colotomies, 
there  was  reaccumulation  and  outjiouring  of  l:)lood  from  the  sigmoid  eolotomy 
but  none  from  the  transverse  colon  eolotomy.  A  left  hemicolectomy  was  then 


Fig.  la.  Preoperative  barium  enema  examination  in  Case  No.  1. 


performed  with  anastomosis  of  midtransverse  colon  to  the  lower  sigmoid  just 
above  the  peritoneal  reflection. 

Postoperatively  the  patient  developed  a  wound  infection  and  a  fecal  fistula, 
but  after  prolonged  hospitalization  these  healed. 

Pathology  report:  Segment  of  colon  .«howing  diverticulo-sis.  No  ulceration 
or  vascular  change  of  the  mucosa  was  found  (Fig.  lb). 

The  patient  was  last  seen  in  follow  up  clinic  May  1965,  at  which  time  he 
had  no  complaints  referable  to  the  ga.strointestinal  tract.  There  had  been  no 
further  bleeding  (Fig.  Icj. 
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CASK  NO.  2 

A  72  year  old  clcx'atoi'  optM'atoi'  was  adiiiil (cd  May  2;}.  19()3  shortly  after 
he  passed  a  large  bloody  stool  and  fainted.  He  was  pale  l)Ut  his  vital  signs 
were  stable.  Hemoglobin  on  admission  was  8.5  gm  pei'  cent.  Five  hundred 
ml  whole  blood  was  given.  Sigmoidoscopy  revealed  only  blood  and  clots  in 
the  rectum  coming  from  above  25  cm.  For  12  hours  his  vital  signs  remained 
stable,  and  he  passed  only  small  amounts  of  red  blood,  but  then  he  began  to 
bleed  massively.  Blood  was  administered  I'apidly  and  a  baiium  enema  was 
performed  revealing  numerous  diverticula  throughout  the  colon.  In  addition, 
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there  was  a  mass  in  the  transverse  colon  close  to  the  hepatic  flexure  (Fig.  2a). 
He  was  taken  to  the  operating  room  and  a  right  hemicolectomy  was  performed 
after  it  was  demonstrated,  with  a  clamp  across  the  midtransverse  colon,  that 
the  bleeding  was  from  the  right  side.  The  mass  in  the  right  transverse  colon 
was  a  giant  diverticulum  containing  feces  (Fig.  2b  ) . 

Pathology  report:  Diverticulosis  of  colon  and  clii'onic  diverticulitis  of  the 
transverse  colon  showing  a  large  diverticulum. 

The  patient  was  last  seen  in  follow  up  clinic  September  1963  and  was  with- 
out complaints. 

CASE  NO.  3 

A  76  year  old  woman  was  admitted  to  the  medical  service  of  The  Mount 
Sinai  Hospital  on  the  evening  of  Decemliei'  30,  1963  with  rectal  bleeding  of  12 
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hour?;  duration.  She  had  been  on  the  medical  service  twice  in  1957  with 
episodes  of  red  and  tarry  stools  and  henioslohin  levels  of  4.7  and  9.0  gm  per 
cent. 

Investigation  on  both  occasions  (including  ujjper  gastrointestinal  series, 
small  intestinal  x-rays,  barium  enema,  sigmoidoscopy  and  string  tests)  showed 
only  extensive  diverticulosis  of  the  colon  extending  from  the  right  transverse 
colon  to  the  lower  sigmoid. 


Fig.  Ic.  Postoperative  barium  enema  examination  in  Case  No.  1. 


The  patient  had  no  rectal  bleeding  and  no  complaints  referable  to  the 
gastrointestinal  tract  between  1957  and  the  morning  of  admission  when  she 
began  to  pass  red  l)lood. 

Physical  examination  revealed  an  elderly  obese  woman  in  no  acute  distress. 
Her  blood  pressure  was  120/70  and  pulse  96.  The  abdomen  was  slightly  dis- 
tended and  loops  of  bowel  were  palpable  but  there  were  no  masses  felt.  Rectal 
examination  revealed  currant  jelly  stool.  Hematocrit  on  admission  was  32  per 
cent.  It  fell  to  20  per  cent  by  the  next  morning  and  one  unit  of  blood  and  two 
units  of  i)acked  cells  were  given.  The  patient  passed  2  large  bloody  stools 
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(luring  tlif  late  aftcMiiooii  and  2  inovv  units  i)f  whole  Mood  weic  j!;i\cn.  Jly  10 
p.m.  she  was  passing  bloody  stools  almost  continuously,  and  at  midnight,  the 
patient  was  taken  to  I  lie  operating  I'ooni  with  a  henialoerit  of  32  per  cent 
having  received  a  total  of  ToOO  nd  of  blood. 

At  operation,  multiple  diveiticida  were  noted  extending  from  the  right 
transverse  colon  to  t he  rectosigmoid.  Resection  of  the  left  colon  with  anastomo- 


FiG.  2a.  Preoperative  barium  enema  in  Case  No.  2  revealing  ditTu.?e  involvement  of 
colon  with  diverticula. 

sis  of  the  right  transverse  colon  to  the  lower  sigmoid  4  cm  above  the  peritoneal 
reflection  was  carried  out. 

Pathology  report:  Segment  of  colon  showing  divert! culosis.  An  occasional 
diverticulum  showed  focal  mild  chronic  non-specific  inflammation. 

When  last  seen  in  the  follow  up  clinic  January  1965  the  patient  had  no 
complaints  and  there  was  no  recurrence  of  bleeding. 

CASE  NO.  4 

A  65  year  old  woman  was  admitted  July  31,  1962  with  severe  rectal  bleeding 
and  weakness  of  12  hours  duration.  She  had  had  many  previous  admissions 
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to  the  medical  and  sufiiical  wards  for  diabetes  niellitus,  hypertension,  arterio- 
sclerotic heart  dit^ease,  chronic  cliolecystitis  and  two  myocardial  infarctions  in 
1954  and  1956.  In  1956  she  had  a  3  stage  procedure  for  diverticulitis  of  the 
sigmoid. 

In  1957  the  jiatient  had  rectal  bleedin<!;  and  study  revealed  only  diverticu- 
losis  throughout  the  colon  (Fig.  3) . 

The  patient  was  admitted  with  a  similar  episode  in  1959  and  ictiuired  4000 
ml  of  blood.  Again  investigation  revealed  only  diverticulosis.  Another  ad- 
mission for  bleeding  occurred  in  1960.  Elective  operation  was  scheduled,  but 
during  induction,  the  patient  had  an  episode  of  anoxia  with  electrocardio- 
graphic changes  and  the  operation  was  cancelled. 


Fig.  2b.  Specimen  in  Ca^e  No.  2  revealing  the  huge  dn'erticuhini  at  hepatic  tle.xure. 


Bleeding  recurred  in  March  1962.  Again  study  revealed  only  diverticulo- 
sis. The  patient  refused  operation. 

She  began  passing  bloody  stools  and  clots  July  31,  1962  and  was  admitted 
to  the  hospital.  X-rays  again  revealed  only  cUverticulosis.  A  subtotal  colectomy 
with  cecoproctostomy  was  performed  electively. 

Pathology  report:  Diverticulosis  of  the  colon.  No  evidence  of  diverticulitis. 

The  patient  developed  a  fecal  fistula  which  prolonged  her  hospitalization 
but  when  last  seen  in  follow  up  clinic  in  January  1965  she  was  w-ell  and  had  no 
complaints.  There  was  no  diarrhea  and  no  recurrence  of  bleeding. 

CASE  NO.  5 

A  61  year  old  Negro  man  was  admitted  INIarch  21,  1963  with  12  hour  history 
of  rectal  bleeding.  There  was  no  other  history  of  gastrointestinal  complaints. 
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Blood  pressure  was  13U,  90.  I'^xaiuination  was  iic<^ative  except  for  \)Uhu\  and 
clots  in  the  rectum.  The  hematocrit  was  39. 

Sigmoidoscojiy  shortly  after  admission  was  normal  to  25  cm  except  for  blood 
and  clots.  Levinc  tube  aspiration  revealed  a  small  amount  of  yellow  fluid. 
Hematologic  investigation  was  within  normal  limits.  During  the  48  hours  after 
admission,  the  patient  i)assed  5  bloody  stools  with  clots  and  was  given  2  units 
of  blood  on  Maicli  23,  19()3.  There  was  no  further  bleeding  and  barium  enema 


i 


Fig.  3.  Preoperative  barium  enema  examnialiou  of  Ca.-^o  No.  4. 

revealed  multiple  diverticula  involving  the  rectosigmoid  and  descending  colon 
(Fig.  4). 

A  left  hemicolectomy  was  performed  April  5,  1963. 

Pathology  report:  Segment  of  colon  showing  diverticulosis.  One  diA'erticulum 
showed  a  small  focus  of  chronic  non-specific  inflammation. 

When  last  seen  in  follow  up  clinic  in  October  1963  he  had  no  complaints  and 
there  had  been  no  recuiTcnce  of  bleeding. 

CA.SE  NO.  6 

The  patient  was  a  65  year  old  male  admitted  August  26,  1965  with  lower 
abdominal  pain  and  red  bloody  stools  for  one  day.  In  1962  he  bled  from  a 
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duodenal  ulcer  and  was  jjlaced  on  a  diet.  Since  then  he  had  no  gastrointestinal 
complaints. 

On  examination  his  blood  pressure  was  19U  lUU  and  hematocrit  was  32. 
There  were  no  abdominal  masses.  Rectal  examination  revealed  bloody  stool. 
Gastric  aspiration  produced  a  clear  fluid  which  was  guaiac  negative.  Anoscopy 
revealed  brown  stool  and  hemorrhoids. 

On  August  28,  1965  he  began  to  bleed  profusely,  had  a  dio])  in  blood  pressure 


Fig.  4.  Preoperative  barium  t  in  ma  examination  of  Ca.se  Xo.  5. 


and  complained  of  pain  in  the  right  lower  abdomen.  His  condition  worsened 
rapidh'  and  he  was  taken  to  the  operating  room  and  an  emergency  ileocolic 
resection  was  performed. 

He  was  reexplored  one  week  later  because  of  peritonitis  and  a  leak  at  the 
anastomosis  was  found  and  drained.  However,  his  condition  gradually  de- 
teriorated and  he  died  September  15,  1965. 

Pathologic  examination  demonstrated  diverticulosis  of  the  colon  with  a  large 
diverticulum  of  the  ascending  colon  showing  extensive  inflammation  and 
necrosis  of  vessel  walls  with  hemorrhage  (Fig.  5). 
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DISCUSSION 

Despite  till'  cilcd  I'cpoils,  divorticulai'  disoaso  of  tlic  colon  has  only 
reluctantly  been  aeeepted  as  a  cause  of  lienioi  rliat2;e  liecause  of  the  fi'e(|uent 
diflieulty  in  denionstiating  the  site  of  bleeding,  even  on  nietieulous  <fross 
and  histological  examination  of  the  removed  specimen.  A  recently  descrilx'd 
method  of  fixation  of  the  s|)ecimen  with  foi'malin  so  that  the  shapes  of  the 
diverticula  are  maintained  seems  to  l)e  helpful  in  examining  specimens  for 
bleeding  sources  (14).  ^Mien  a  bleeding  site  can  be  demonstrated  patho- 
logically, the  hemoii'liage  can  be  traced  to  a  solitary  di\-erticulum  which  is 


Fig.  5.  Specimen  in  Case  No.  6  showing  di\  eiticulosis  and  inflammation  of  a  large 
(lixerticulum. 

lined  with  granulation  tissue.  Occasionally,  a  small  ulceration  is  present  in 
the  colonic  mucosa  at  the  mouth  of  the  diverticulum  (51.  Injection  studies  (2) 
have  shown  a  striking  concentration  of  blood  vessels  in  the  region  of  colonic 
diverticula. 

The  patients  are  usually  elderly  and  often  have  arteriosclerosis  and 
hypertension.  They  give  an  almost  identical  history  of  a  sudden  urge  to 
defecate  followed  by  the  passage  of  a  large  bloody  stool,  or  several  such  stools. 
Frequently,  there  are  no  other  gastrointestinal  complaints. 

Hemorrhage  ceases  spontaneously  in  most  patients  jiermitting  diagnostic 
study  to  be  carried  out.  Goligher  (6)  and  Fraenkel  17)  have  never  had  to 
operate  as  an  emergency.  However,  Quinn  (5)  reported  10  of  103  cases  in  which 
the  bleeding  did  not  stop:  2  died  and  8  reciuired  emergency  surgery.  IVIany  of 
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tlu'st'  i)atirnt.s  will  have  recurrent  heiiiorrliage.  (^uinn  (5)  reiiorted  a  37  per  cent 
recurrence  rate  in  jiatients  followed  one  year  or  more,  and  Greene  (8)  noted 
recurrence  of  hemorrhage  necessitating  readmission  in  25  of  62  patients. 

Those  patients  who  do  stop  bleeding  and  who  are  thoroughly  investigated, 
may  reveal  no  abnormality  except  for  diverticula  of  the  colon,  most  pro- 
nounced in  the  left  colon  but  often  involving  all  the  colon.  Only  one  in  four 
cases  shows  evidence  of  diverticulitis.  Complete  investigation  includes  jiroc- 
tosigmoidoscopic  examination,  barium  studies  of  the  .stomach  and  small  in- 
testine, and  colon  and  hematologic  studies. 

If  massive  hemorrhage  recurs  and  again  stojis,  immediate  elective  resection 
is  indicated.  The  resection  should  be  extensive  enough  to  remove  all  or  most 
of  the  diseased  portion  of  colon.  An  area  of  diverticulitis  on  x-ray  in  a  patient 
with  extensive  diverticular  disease  may  not  be  the  source  of  bleeding,  and 
when  possible,  the  area  most  extensively  involved  should  also  be  removed. 

If  massive  bleeding  persists,  emergency  proctoscopic  examination  and 
barium  enema  should  be  performed  promptly  depending  on  the  rapidity  of 
the  blood  loss.  If  only  diverticular  disease  is  found,  operation  is  indicated 
urgently. 

The  decision  as  to  what  to  do  at  emergency  operation  is  a  difficult  one,  and 
depends  to  a  great  extent  on  the  findings  at  operation,  as  well  as  on  barium 
studies.  A  thorough  search  for  a  carcinoma,  polyp  or  any  inflammatory 
process  must  be  made.  If  the  diverticular  disease  is  limited  to  one  area, 
that  area  must  be  resected.  Often,  however,  the  entire  colon  is  involved  and 
subtotal  colectomy  with  ileosigmoidostomy  may  be  necessary.  Multiple  co- 
lotomies  and  endoscopic  examination  may  reveal  the  bleeding  area  (10). 
One  useful  method  (5)  is  to  occlude  the  colon  into  4  or  5  segments  with  rubber 
shod  clamps,  perform  colotomies  and  aspirate  each  segment,  and  watch  for 
refilling.  If  a  segment  refills,  it  should  be  resected.  On  occasion,  in  a  very  bad 
risk,  it  may  be  possible  to  identify  the  bleeding  diverticulum,  ligate  it,  and 
exteriorize  the  loop  of  colon  involved.  Both  ileostomy  and  proximal  transverse 
colostomy  have  been  used  with  cessation  of  bleeding  in  desperately  ill  patients 
(11,  12.  13).  The  involved  segment  must  be  resected  at  a  later  date. 

CONCLUSIONS 

Based  on  our  recent  experience  and  review  of  the  literature,  we  feel  that 
massive  bleeding  from  diverticular  disease  is  a  definite  clinical  entity  which, 
apparently,  is  increasing  in  frequency  or  being  diagnosed  more  often.  Most 
patients  will  stop  bleeding  spontaneously.  Those  who  do  not  stop,  or  who 
stop  for  several  hours  and  then  again  bleed  massively,  should  be  operated 
upon  ])romptly.  If  bleeding  continues,  proctosigmoidoscopy  and  barium  enema 
should  be  performed.  Hematologic  examination  must  also  be  performed  to 
exclude  blood  dyscrasias.  When  diverticular  disease  only  is  found,  immediate 
surgery  is  indicated.  If  bleeding  stops  but  recurs  at  a  later  admission,  and 
again  stops,  elective  resection  should  be  performed. 
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IXTROIH'CTIOX 

Since  tlu'  original  (k'soription  of  pure  red  cell  ancniia  by  Kaznelson  (1)  in 
1922  the  increasing  number  of  case  reports  appearing  in  the  literature  has  made 
it  ajiparent  that  further  subdivision  of  this  condition  is  in  order.  As  recently  as 
1957  12)  it  was  considered  rare  enough  to  be  a  curiosity.  Prior  to  1957  Seaman 
and  Kohlei-  (3)  had  reviewed  the  literature  and  reported  on  ten  cases  in 
addition  to  setting  down  the  following  criteria  for  the  diagnosis  of  pure  red 
cell  anemia: 

1.  Profound  chronic  normocytic  normochromic  or  macrocytic  normochromic 
anemia  with  decreased  or  absent  reticulocytes. 

2.  Cellular  marrow  exhibiting  normally  active  leucocytic  and  thrombocytic 
series  but  marked  hypoplasia  to  virtual  absence  of  nucleated  cells  in  the 
red  blood  cell  series. 

3.  Normal  differential  and  total  white  blood  count. 

4.  Normal  thrombocyte  levels  and  absence  of  hemorrhagic  jihenomena. 

5.  No  evidence  of  extramedullary  hematopoiesis. 

Cases  fulfilling  the  above  criteria  have  been  given  various  descriptive 
names,  summarized  by  Tsia  and  Levin  ( 4 ) .  These  include :  Chronic  Hypo- 
plastic Anemia  of  Blackfan  and  Diamond,  Chronic  Congenital  Aregenerative 
Anemia,  Congential  Hypoplastic  Anemia,  Erythrogenesis  Imperfecta,  Pure 
Red  Cell  Anemia,  Erythrophthisis,  Progressive  Post-Infectious  Erythroph- 
thisis,  Isolated  Aplastic  Anemia,  Anerythropoietic  Anemia,  Chronic  Erythro- 
cytic Hypoplasia,  Acquired  Erythrocytic  Aplasia,  Erythroblastophthisis,  Es- 
sential Erythroblastopenia,  Red  Cell  Aplasia  Anemia,  Pure  (Primary)  Red 
Cell  Anemia  and  Acquired  Pure  Red  Cell  Agenesis. 

Varied  etiologic  factors  have  been  associated  with  or  causally  related  to  the 
onset  of  pure  red  cell  anemia.  Since  the  hematologic  abnormalities  as  defined 
by  Seaman  and  Kohler  have  different  etiologies  with  inherent  diagnostic, 
therapeutic  and  prognostic  implications,  it  is  felt  that  the  following  etiologic 
classification  is  more  useful : 

I.  Congenital  form  of  Blackfan  and  Diamond  (5) 
II.  Acquired 

A.  Post-infectious  of  infancy  and  childhood  (6) 

B.  Post-infectious  of  adulthood  (7) 

From  the  Departments  of  Medicine  and  Hematology.  The  Mount  Sinai  Ho.'^pital,  New 
York,  N.  Y. 

This  work  was  supported  in  part  by  grants  from  the  United  States  Public  Health 
Service  (5  T4  CA  5126),  the  Institute  of  Arthritis  and  MetaboHc  Diseases  (AM  01063), 
and  by  the  Albert  A.  List,  Frederick  MachHn  and  Anna  Ruth  Lowenberg  Funds. 
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Toxic  (post-toxic  cxposui'o)  (8,  9,  10) 
Neopl:istic-i)releukeinic  (11) 
levikcmia  (12) 

;iS80ciatod  cai'cinonia  (4,  13) 


E.  Associated  with  tliymoina  (11,  14-25) 

F.  Nutritional  (26) 

G.  AssociattMl  witli  congenital  hemolytic  anemia  (27) 

H.  Uremia  (28) 
J.  Primary 

In  reviewing;  the  litei'ature  it  becomes  apparent  that  many  cases  of  "primary 
red  cell  aplasia"  \vdvv  in  fact  been  associated  with  exj)osure  to  various  toxins, 
neoplasms,  infections  or  malnuti'ition.  It  is  the  purpose  of  this  paper  to  stress 
the  importance  of  excluding  such  etiological  agents  and  to  describe  an  un- 
usual case  of  this  entity  terminating  in  aplastic  crisis.  This  has  heretofore 
been  unreported. 


A  seventy-two  year  old  white  male  entered  The  Mount  Sinai  Hospital  Janu- 
ary 31,  1963  for  shortness  of  breath  and  fatigue  of  three  months  duration.  He 
had  been  seen  by  his  private  physician  two  weeks  prior  to  admission  when  a 
hemoglobin  of  8  Gm  per  cent  was  noted.  When  it  was  observed  that  no  re- 
sponse to  oral  iron  occurred  he  was  admitted  to  the  ward  service  of  The  Mount 
Sinai  Ho.spital. 

Previously  he  had  been  admitted  to  The  Mount  Sinai  Hosjiital  in  1957  for 
diarrhea  of  several  weeks  duration.  Barium  enema  revealed  changes  consistent 
with  ulcerative  colitis.  Steroids  were  given  and  subsequently  tapered  and 
discontinued  upon  discharge  when  the  patient  manifested  a  dramatic  recovery. 
In  the  interim  there  had  been  no  ei)isodes  of  diarrhea  or  rectal  bleeding  and  the 
patient  had  remained  in  good  nutrition. 

In  the  past  history  there  was  one  episode  of  jaundice  in  childhood.  The 
patient  had  worked  as  a  curtain  maker  and  was  now  retired.  There  was  no 
history  of  exposure  to  toxic  solvents  such  as  benzol  or  any  history  of  drug 
ingestion  since  the  administration  of  steroids  five  and  a  half  years  prior  to 
admission. 

On  physical  examination  he  was  a  well-developed,  well-nourished,  elderly 
white  male  in  no  distress:  Blood  pressure  128/64,  pulse  90,  respiration  20, 
temperature  98.6°F.  Cataracts  were  present  in  both  eyes.  The  mucous  mem- 
branes were  pallid.  There  was  no  cervical,  axillary,  or  inguinal  lymphadenop- 
athy.  There  were  decreased  breath  sounds  and  dullness  to  percussion  at  the 
base  of  tlie  left  lung.  The  heart  was  unremarkable.  Examination  of  the  ab- 
domen did  not  disclose  any  palpable  organs  or  masses.  Rectal  examination  was 
normal  as  was  the  neurological  examination.  No  petechial  hemorrhages  were 
noted  on  the  skin. 

Urinalysis  was  normal.  Biochemical  studies  of  renal  and  hepatic  function 
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were  all  within  normal  limits.  Hemoglobin  8.1  Gm  per  cent,  hematocrit  25 
per  cent,  red  cells  2.6  million  per  cu  mm,  reticulocytes  less  than  0.5  jier  cent, 
M.C.V.  95  cu.  microns,  IM.C.H.  31  gamma  gamma,  INI.C.H.C.  32.5  per  cent, 
platelets  204,000  per  c\i  mm.  The  white  blood  cell  count  was  6,900  per  cu  mm 
with  74  ])ei'  cent  segmented  forms,  9  per  cent  eosinophils,  16  per  cent  lympho- 
cytes and  1  per  cent  monocytes.  Bone  marrow  aspiration  revealed  adequate 
cellularity  and  an  i\l:E  ratio  of  7.5:1.  The  differential  was  as  follows: 
jNIyeloblasts  1  per  cent,  promyelocytes  2  per  cent,  neutroj^hilic  myelocytes  11 
per  cent,  eosinophilic  myelocytes  1  per  cent,  metamyelocytes  14  per  cent,  band 
forms  21  per  cent,  segmented  forms  31  per  cent,  eosinophils  3  per  cent, 
lymphocytes  1  per  cent,  plasmacytes  1  per  cent,  reticulum  cells  3  per  cent, 
erythroblasts  1  per  cent,  normoblasts  10  per  cent.  ]\Iany  of  the  normol)lasts 
were  still  basojjhilic.  The  megakaryocytes  were  normal  in  number  and  matu- 
ration. 

The  Coombs  test,  gamma  and  non-gamma,  was  negative.  A  bleeding  profile 
was  normal.  Folic  acid  was  6.3  micrograms  per  milliliter,  serum  vitamin  B12 
was  404  micromicrograms  per  milliliter.  Serum  iron  was  247  gamma  per  cent 
with  total  iron  binding  capacity  263  gamma  per  cent.  Diagnex  blue  test  showed 
the  presence  of  free  hydrochloric  acid.  Hemoglobin  electrophoresis  revealed  the 
presence  of  A  hemoglobin  only.  Serology  was  negative.  Barium  studies  of  the 
gastrointestinal  tract  were  normal.  The  chest  film  showed  a  .small  left  pleural 
effusion. 

The  pleural  effusion  was  tapped  and  proved  to  be  a  clear  transudate  with 
negative  cell  block  and  culture.  A  liver  biopsy  was  normal  except  for  an  in- 
crease in  iron  pigment.  The  patient  was  transfused  with  a  total  of  four  units  of 
whole  blood  during  his  hospital  stay.  He  remained  afebrile  throughout  and  was 
asymptomatic  except  for  some  residual  weakness.  Upon  discharge  February 
26,  1963  his  hemoglobin  was  9.8  Gm  per  cent,  white  cell  count  was  9,900  per 
cu  mm  with  normal  differential,  platelets  were  435,000  per  cu  mm  and  reticulo- 
cytes were  less  than  0.5  per  cent.  A  repeat  bone  marrow  showed  results  similar 
to  those  on  admission. 

Following  discharge  the  patient  required  weekly  transfusions  at  the  hema- 
tology clinic.  His  only  complaints  were  referable  to  the  profound  anemia 
which  ranged  between  5.5  Gm  per  cent  and  7.0  Gm  per  cent.  A  short  admission 
to  the  hospital  occurred  in  March  1963  following  an  anaphylactic  reaction  to 
iron  dextran,  intra-nniscular.  In  June  1963  he  reciuired  a  unit  of  transfused 
V)lood  every  two  to  three  days.  Bone  marrow  aspiration  in  June  1963  now 
revealed  a  total  of  5  per  cent  red  blood  cell  precursors  and  he  was  readmitted 
to  the  ward  service  July  8,  1963. 

Examination  of  the  chest  once  again  revealed  a  small  left  pleural  effusion. 
The  heart  was  unremarkable  other  than  for  a  sinus  tachycardia.  In  the  ab- 
domen there  could  now  be  felt  a  liver  which  was  one  finger  breadth  en- 
larged below  the  right  costal  margin ;  the  spleen  was  not  palpable.  No 
masses  were  palpable  in  the  abdomen.  There  was  no  lymphadenopathy. 

The  hemoglobin  was  now  3.3  Gms  per  cent  with  a  hematocrit  of  9.5  per  cent, 
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red  cells  1.12  million  per  cu  mm,  M.C.H.  29,  M.C.V.  84,  and  M.C.H.C.  34. 
The  white  blood  count  was  8,000  per  cu  mm  with  82  per  cent  segmented  form.s, 
1  per  cent  bands,  14  per  cent  lymphocytes,  2  per  cent  monocytes.  Platelets 
were  481,000  per  cu  mm  and  reticulocytes  0.1  per  cent.  Bilirubin  was  1.1  mg 
per  cent  with  0.1  mg  per  cent  conjugated  bilirubin.  Ilajitoglobin  determination 
was  12  mg  per  cent  (normal  nO  to  150  mg  iier  cent  I.  Urine  was  positive  for 


Fig.  1.  Sternal  marrow  aspiration  demonstrating  active  granulopoie.¥i.s  with  virtual  ab- 
sence of  red  cell  precursors  ( Jenner-Giem.sa  stain,  original  magnification  X  315). 

hemosiderin.  Schumm's  test  was  negative.  Serum  iron  was  390  gamma  per  cent 
with  a  total  iron  binding  capacity  of  419  gamma  per  cent.  Coombs  test  was  now 
positive.  Tests  of  renal  and  hepatic  function  were  normal.  The  bone  marrow 
aspiration  now  revealed  a  virtual  aplasia  of  red  cell  precursors  (Fig.  1).  The 
myeloid  series  was  normal  in  maturation  and  number  as  were  the  megakaryo- 
cytes. 

The  patient  had  developed  a  Coombs  j^ositive  state  and  his  serum  agglu- 
tinated the  entire  panel  of  sample  red  cell  antigens.  He  was  transfused  with 
packed  cells  of  the  most  compatible  blood  of  his  own  type,  A  +  ,  after  priming 
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with  200  wj:  (if  intravenous  hydrocortisone.  Xo  adverse  effects  were  noted.  This 
was  done  reiteatedly.  The  antibody  was  characterized  as  a  warm  complement- 
fixing  antibody.  The  i)atient  was  transfused  up  to  7.0  Gm  per  cent  at  which 
jioint  there  was  only  a  minimal  tachycardia  and  no  evidence  of  congestive 
heart  failure.  A  red  cell  survival  performed  shortly  after  this  period  revealed  a 
half-life  of  11  days  using  Cr-'\  Blood  volume  determination  revealed  a  red 
cell  mass  of  11.6  milliliters  per  kilogram  of  body  weight. 

The  patient  was  i)laced  on  prednisone  40  mg  each  day  In'  mouth  and  was 
given  hydrocortisone  or  methyl  prednisolone  intravenously  jirior  to  each 
transfusion.  On  the  25th  hosi)ital  day  the  patient  was  started  on  stanozolol 
18  mg  per  day.  He  continued  to  be  transfused  every  three  to  four  days  with  one 
unit  of  packed  red  blood  cells.  On  the  68th  hospital  day,  that  is  after  43  days 
of  stanozolol  therapy,  he  recpired  his  last  transfusion  during  this  admission. 
Ten  days  later  his  hemoglobin  was  11  Gm  and  reticulocytes  were  1.5  per 
cent.  Concomitantly,  his  white  count  had  fallen  to  3800  per  cu  nun  and 
platelets  to  82,000  per  cu  nmi.  A  bone  marrow  aspiration  performed  September 
25,  1963  revealed  normal  erythroid  maturation  and  an  M:E  ratio  of  2:1.  The 
patient  was  discharged  September  27th  on  40  mg  of  prednisone  per  day  and 
stanozolol  18  mg  per  day.  His  white  blood  cell  count  was  5250  per  cu  mm 
upon  discharge. 

During  the  next  six  months  his  hemoglobin  remained  between  11  and  12 
Gm.  In  February  1964  the  patient  himself  decreased  his  prednisone  dosage  to 
20  mg  per  day  because  of  some  gastric  distress.  On  iNIarch  15th  he  was 
noted  to  have  a  hemoglobin  of  7  Gm  per  cent  and  the  Coombs  test  was  again 
positive.  He  was  transfused  March  27th  and  readmitted  March  28,  1964. 

On  this  last  admission  the  patient  was  in  no  distress  but  appeared  chroni- 
cally ill.  His  sclera  were  anicteric.  There  was  no  palpable  lymphadenopathy. 
A  small  left  pleural  effusion  was  discernible.  The  liver  was  palpated  one  finger 
breadth  below  the  right  costal  margin.  Hemoglobin  was  8.0  Gm  per  cent  and 
white  blood  count  was  9,000  per  cu  mm  with  a  normal  differential.  His  platelet 
count  was  344,000  per  cu  mm.  There  was  some  hypochromia  of  the  red  cells 
on  smear  and  some  tear  drop  cells  were  noted.  Bone  marrow  asj^iration  once 
again  revealed  complete  absence  of  red  cell  precursors. 

His  prednisone  was  increased  to  60  mg  per  day  and  100  mg  of  testosterone 
enanthate  was  given  twice  a  week  by  injection  instead  of  stanozolol.  Pyridoxine 
was  also  added  to  the  regimen.  After  two  weeks  of  hospitalization  the  patient 
was  noted  to  be  jaundiced  with  urine  positive  for  bile  and  he  was  passing 
acholic  stools.  His  bilirubin  was  7.6  mg  per  cent  with  4.4  mg  per  cent  direct 
reacting,  alkaline  phosi^hatase  20  KA  units,  thymol  turbidity  6.1  units,  SGOT 
60  units  and  105  units,  SGPT  218  units.  Because  of  the  possibility  of  a  drug- 
induced  hepatitis,  the  testosterone  enanthate  was  discontinued.  A  liver  biopsy 
jierformed  May  6th  revealed  only  cholestasis  with  some  bile  lakes.  The 
patient's  anorexia  and  lethargy  increased  concomitantly  with  a  rising  bilirubin 
which  on  May  11th  was  35  mg  per  cent.  At  this  time  his  hemoglobin  was  7.7 
Gm  per  cent  with  the  white  blood  count  now  2400  per  cu  mm  and  the  platelets 
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()4,00()  pel'  cu  nun.  I)('S])i(('  the  sti'ong  |)()ssil)ilil y  nl  coniinon  dnct  olistnict ion, 
his  (k'l)ilitato(l  state,  tln'onibocytopenia,  and  leucopcnia  precliKled  conmion 
duct  surgery.  Din-ing  the  third  week  of  May  1964  he  went  into  frank  hepatic 
coma  with  a  blood  annnonia  k'vel  of  1.9  /xg  i)er  eu  mm.  At  tliis  time  his  white 
blood  count  fell  to  1350  per  cu  mm  and  his  jjlatelets  to  12,000  per  cu  mm. 
Despite  transfusions,  Neomycin  enemas,  and  intravenous  stei'oids,  he  expired 


Fig.  2.  Autopsv  j^cclKin  <>{  liver  (Icinonstratlug  sonii'  Iin  it  crll  dcstniction  and  extensive 
filling  of  the  canaliculi  with        plugs  (H  &  E  X  200). 

May  23rd;  19  months  after  the  onset  of  his  jn'e.sent  illness,  8  months  after  his 
hematologic  remission  and  2  months  following  hematologic  relapse. 

On  post-mortem  examination  the  terminal  cause  of  deatli  was  found  to  be 
bilateral  pneumonia.  The  recurrent  i:)leural  effusion  was  now  represented  by  an 
area  of  left  pleural  thickening.  No  tumor  of  the  anterior  mediastinum  was 
observed.  The  heart  was  unremarkable  as  were  the  kidneys. 

There  was  no  lymph  node  pathology.  The  liver  was  moderately  enlarged 
and  revealed  massive  iron  staining  of  the  reticulo-endothelial  system.  In  the 
portal  areas  there  was  some  minimal  hepatic  cell  degeneration  but  no  in- 
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flammatory  coll  cxiulati'  could  be  observed.  The  canaliculi  were  engorged  with 
bile  plugs  (Fig.  2).  Several  stones  were  observed  in  the  gall  bladder  but  none 
were  found  in  the  common  bile  duct.  The  spleen  did  not  reveal  extramedullary 
hematopoiesis  or  leukemic  transformation.  The  bone  marrow  was  for  the  most 
part  replaced  by  fat  cells;  an  occasional  island  of  hematopoiesis  was  observed. 

DISCUSSION 

This  represents  tlie  23rd  case  in  the  literature  to  fulfill  the  criteria  of 
primary  acquired  red  cell  aplasia  in  the  adult.  The  accompanying  table  con- 
tains a  review  of  all  the  cases  to  date.  Several  heretofore  included  cases  have 
been  omitted  from  the  list  because  of  either  the  strong  relationship  to  an  in- 
citing agent  (3,  8,  9,  10,  29),  underlying  malignancy  (4,  11,  13),  underlying 
disease  (28),  or  insufficient  data  (31).  Six  of  the  16  cases  reported  by  the 
Mayo  Clinic  (32)  are  included  in  this  series  since  in  these  cases  no  history  of 
exposure  was  recorded,  other  disease  entities  were  absent,  and  the  follow-up  and 
survival  jiei'iod  was  sufficiently  long  to  exclude  the  anemia  as  the  presenting 
sign  of  an  occult  neoplasm. 

In  reviewing  the  reported  cases  several  features  stand  out.  With  the  exception 
of  five  cases,  the  age  range  was  from  46  to  76  years  with  a  median  age  of  59 
years.  The  male  to  female  ratio  was  18:5.  More  important,  however,  is  the 
long  sui'vival  after  detection  of  the  anemia,  particularly  in  the  era  of  effective 
transfusion  therapy  and  also  the  high  percentage  of  remission  or  complete 
recovery  noted  either  spontaneously  or  with  various  therapeutic  modalities. 

Hemolysis  has  occurred  in  four  instances  of  acquired  idiopathic  red  cell 
aplasia  of  the  adult;  one  case  of  Loeb  and  Moore  (34),  the  cases  of  Eisemann 
and  Damashek  (35),  Meyer  and  Bertcher  (36)  and  the  present  case.  With  the 
exception  of  the  first  mentioned,  all  were  Coombs  positive  anemias.  The 
appearance  of  a  Coombs  positive  state  may  itself  result  from  transfusion 
therapy  (37j  and  need  not  necessarily  be  causally  related  to  red  cell  aplasia. 
In  the  present  case  the  aplasia  antedated  the  Coombs  positive  state  by  at 
least  several  weeks.  However,  in  the  other  instances  in  which  the  Coombs  test 
was  positive  the  presence  of  a  coating  antibody  could  no  longer  be  demonstrated 
when  the  bone  marrow  revealed  erythropoietic  recovery.  The  implication  be- 
comes apparent  for  a  number  of  cases  that  an  autoantibody  is  present  which 
simultaneously  is  attached  to  the  mature  red  cell  and  in  some  way  is  interfering 
with  the  appearance  of  the  proerythroblast  in  the  marrow.  Anderson  and 
Ladefoged  (24)  have  suggested  that  this  antibody  is  directed  against 
erythropoietin-coated  red  cell  precursors. 

Terminally  our  case  manifested  profound  leucopenia  and  thrombocyto- 
penia and  agonally  no  differentiation  between  red  cell  aplasia  and  aplastic 
anemia  could  be  made.  Loss  of  white  cell  and  platelet  production  one  year 
after  cessation  of  erythropoiesis  is  unique  in  x'lew  of  the  increased  suscepti- 
bility of  white  cells  and,  secondarily,  of  platelets  to  damage  from  agents 
known  and  unknown.  Whether  leucopenia  and  thrombocytopenia  occurring 
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teriiiinally  was  related  to  the  primary  process  or  perhaps  was  sccoiidaiy  to 
either  hepatic  insufficiency,  therapy,  or  sepsis  is  uncertain. 

The  various  modahties  of  therapy  in  idiopathic  pure  red  cell  aplasia  in  the 
adult  are  virtually  the  same  as  those  employed  in  the  other  varieties  of  red 
cell  aplasia  or,  for  that  matter,  aplastic  anemia.  Thus  transfusions,  ster'oids, 
androgens,  rihoflavin,  cobalt,  pyridoxins  vitamin  B12,  folic  acid  and  bone 
marrow  transfusion  have  been  attempted  in  various  combinations  and 
with  varying  success.  Complicating  Coombs  ]iositive  hemolytic  anemia  has 
been  approached  with  the  use  of  steroids  and  splenectomy. 

Foy  and  Kondi  (10)  reported  a  case  which  responded  to  riboflavin.  Their 
case  is  not  included  in  the  accompanying  table  because  of  the  exposure  of  the 
patient  to  a  variety  of  drugs  including  the  antimalarial  mepacrine,  a 
riboflavin  antagonist.  Recovery  was  noted  following  twelve  days  of  riboflavin 
therapy. 

Seaman  and  Kohler  (3)  gave  cobalt  to  two  patients  with  secondary  red  cell 
aplasia;  their  second  case,  a  case  of  overexposure  to  dry  cleaning  agents,  re- 
sponded after  64  days  of  continued  therapy.  In  another  report  (38)  a  response 
to  cobalt  followed  in  a  case  of  primary  red  cell  aplasia  that  had  initially 
responded  to  splenectomy  and  later  relapsed.  In  the  recent  case  of  Voyce  (33), 
response  to  cobalt  was  demonstrated  six  weeks  after  doses  of  200  milligrams  a 
day.  Dosages  of  cobalt  chloride  have  generally  been  in  the  200  to  300  milli- 
gram range.  Voyce  postulated  that  cobalt  may  have  interfered  with  the  binding 
affinity  of  the  elevated  gamma  globulin  demonstrated  in  his  case.  No  protein 
abnormality  could  be  demonstrated  in  other  cases  successfully  treated  with 
cobalt. 

The  most  efficacious  therapy  in  all  varieties  of  marrow  aplasia  today  is  the 
vigorous,  prolonged  use  of  androgens  at  times  in  conjunction  with  steroids.  The 
knowledge  of  the  response  of  the  bone  marrow  to  testosterone  in  the  hypo- 
gonadal  male  (39)  and  the  polycythemia  that  may  ensue  in  woman  receiving 
androgens  for  breast  carcinoma  has  been  utilized  in  the  treatment  of  all 
forms  of  aplastic  anemia.  Rosenthal  and  Erf  (40)  employed  testosterone  in  the 
treatment  of  myelofibrosis  and,  currently,  androgen  therapy  is  accepted  treat- 
ment in  this  condition.  Shahidi  and  Diamond  (41,  42)  noted  the  increased 
response  to  steroids  when  androgens  were  added  in  aplastic  anemia  and  this 
has  been  noted  by  others  (43,  44,  45) . 

When  employed  alone,  steroids  were  associated  with  complete  recovery  in  2 
out  of  6  cases  of  idiopathic  pure  red  cell  aplasia.  Of  the  successes,  one  was 
in  a  case  with  associated  Coombs  negative  hemolytic  anemia  and  one  with 
associated  Coombs  positive  hemolytic  anemia. 

Combined  androgen-steroid  therapy  was  employed  in  two  cases,  with  re- 
mission in  our  case  after  43  days  of  combined  therapy.  However,  in  the  case 
presented  here  a  failure  of  the  bone  marrow^  on  combined  therajiy  occurred 
six  months  after  clinical  remission. 

Androgen  therapy  in  other  varieties  of  aplastic  anemia  appears  to  be 
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Ix'neficial  wlicn  cinployed  for  jtrotractcd  periods.  Thus  one  can  not  judiciously 
evaluate  aiidroiit'u  therapy  until  several  months  have  elapsed.  On  the  other 
hand,  if  autoinnuune  mechanisms  are  seemingly  in  play,  e.g..  an  associated 
Coombs  positive  hemolytic  anemia,  then  steroid  therapy  alone  may  be  re- 
sponsible for  complete  recovery  as  occurred  in  one  case  (36). 

There  is  one  rcjiort  of  com])lete  I'ecovery  following  bone  marrow  transfusion 
with  the  ])atient"s  sons  as  donors  (46). 

To  date  si)lenectomy  has  been  performed  in  5  cases  of  acquired  idiopathic 
red  cell  aplasia  in  the  adult.  Of  these,  2  cases  met  with  complete  success,  both 
cases  having  associated  hemolytic  anemia.  Splenectomy  was  only  i)artially 
efficacious  in  another  3  eases  (33,  34,  38),  both  with  and  without  hemolytic 
anemia.  These  patients  later  relajjsed  and  required  either  steroids  or  cobalt 
for  sustained  remissions.  The  figures  suggest  that  splenectomy  might  be  of 
value  as  a  definitive  therapeutic  measure  in  cases  associated  with  hemolytic 
processes. 

Two  comjilete  spontaneous  remissions  have  occurred  with  no  therapy  other 
than  transfusions  (32). 

DISCUSSION 

The  chance  occurrence  of  red  cell  aplasia  must  perforce  occasion  a  search  for 
a  causally  related  factor  in  much  the  same  way  that  aplastic  anemia  engenders 
an  investigation  of  i)Ossible  etiologic  agents,  i.e.,  drugs  and  industrial  toxins. 

Thymomas  with  and  without  associated  myasthenia  gravis  currently  rank  as 
the  foremost  etiological  syndrome  in  red  cell  aplasia  in  the  adult,  with  more 
than  fifty  cases  reported  (14-25).  The  immunological  questions  that  are  raised 
in  the  association  remain  to  be  answered.  The  occasional  response  to  steroids 
or  splenectomy  and  the  disappearance  of  Coombs  ]iositivity  during  marrow 
remission  suggest  an  iunnune  jiathogenesis.  The  prototype  of  such  a  mechanism 
causing  selective  erythroid  aplasia  may  be  seen  not  only  in  typical  auto- 
immune hemolytic  anemia  (36)  but  also  following  isoimmunization  by  in- 
compatible blood  groujis  (37)  and  associated  with  diseases  which  are  known 
to  display  autoimmune  phenomena,  i.e.,  leukemia  and  lymphoma  (12,  49). 
It  is  of  interest  that  our  patient  had  a  diagnosis  of  ulcerative  colitis,  often 
considered  an  autoinnnune  disease,  several  years  prior  to  his  hematological 
diagnosis.  In  addition  to  routine  laboratory  procedures  that  should  be  done 
in  every  case  of  acquiix'd  red  cell  aplasia,  it  is  mandatory  that  lateral 
tomograms  of  the  chest  be  performed  in  that  some  cases  have  completely  re- 
mitted after  removal  of  the  anterior  mediastinal  tumor. 

Baar  first  described  a  progressive  jiost-infectious  pm-e  red  cell  aplasia  in 
1928  (7).  Kho,  reporting  from  Indonesia  (6),  alluded  to  186  cases  in  1500 
anemic  children.  In  all  186  either  profound  malnutrition  or  fulminant  bac- 
terial infections  such  as  salmonellosis  or  meningitis  coexisted.  Foy  and  Kondi 
also  mentioned  the  absence  of  erythroid  progenitors  in  the  mai'row  in  marasmus 
and  kwashiorkor  (26).  These  factors  would  undoubtedly  become  apparent  in 
the  investigation  of  the  patient  with  red  cell  aplasia. 
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Toxins  that  have  been  associated  with  the  syndrome  arc  much  the  same  as 
have  been  implicated  in  aplastic  anemia  and  agranulocytosis,  i.e.,  benzol  (53), 
sulfa  (8),  pyramidon  (9),  antimalarials  (10),  and  chloramphenicol  (49). 
Gasser  (47)  has  described  primary  damage  to  the  erythron  secondary  to  a 
variety  of  toxic  and  allergenic  agents  with  the  appearance  of  giant  proerythro- 
blasts in  the  marrow,  the  condition  lasting  usually  not  more  than  7  to  10  days. 
On  occasion  metabolic  states,  most  notably  uremia  (28),  will  be  as.sociatcd 
with  absence  of  erythroid  precursors  in  the  marrow. 

Aside  from  thymomas,  a  host  of  neoplastic  conditions  may  be  associated 
with  erythroid  aplasia;  particularly  primary  hematologic  states  such  as 
leukemia  (12)  and  lymphoma  (49).  Primary  acquired  red  cell  aplasia  in  the 
adult  might  well  be  reported  more  frequently  but  for  the  suspicion  of  the 
physician,  in  i)art  justifiable,  that  the  syndrome  represents  a  prodrome  of 
acute  or  chronic  leukemia  or  a  lymphoma  variant. 

Pure  red  cell  aplasia  in  the  adult,  unrelated  to  toxins,  infection,  metabolic 
states,  or  neoplastic  conditions,  has  been  to  date  extremely  rare.  The  tieatment 
most  successful  from  a  perusal  of  these  few  cases  appears  to  be  akin  to  the 
treatment  of  complete  marrow  aplasia,  i.e.,  androgens  and  steroids  employed 
for  a  protracted  period.  Splenectomy  has  been  reserved  for  associated  Coombs 
positive  hemolytic  anemias  unresponsive  to  cortisone  therapy.  Terminal  leu- 
kopenia and/or  thrombocytopenia  may  ensue;  whether  in  the  present  case  this 
was  related  to  idiopathic  bone  marrow  depression  or  an  associated  condition 
such  as  hepatic  disease  or  to  drug  therapy  is  unknown. 

SUMMARY 

An  attempt  has  been  made  to  characterize  acquired  red  cell  aplasia  in  the 
adult.  Causally  related  factors  must  be  excluded  not  only  to  satisfy  diagnostic 
criteria  but  because  of  their  prognostic  significance.  A  case  is  presented  which 
not  only  satisfies  these  criteria  but  also  typifies  the  chronicity  of  the  syndrome 
and  the  inherent  potential  for  remission.  Terminal  aplastic  anemia  is  reported 
for  the  first  time.  A  discussion  of  therapeutic  modalities  is  included  as  well  as 
an  outline  of  secondary  red  cell  aplasias. 
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UNUSUAL  PROBLEMS  IN  SURGERY 

LEWIS  BURROWS,  M.D.  and  MARVIN  D.  POLL.  M.D. 


CASE  NO.  1 

Acute  Pancreatitis  and  its 
Complications 

One  of  the  difficulties  in  diagnosing 
acute  jiancreatitis  i^  that  the  symp- 
toms and  the  findings  on  ])hysical 
examination  are  not  specifically  char- 
acteristic of  the  disease.  It  is  impor- 
tant that  the  surgeon  is  certain  that 
other  diseases  are  not  present  which 
might  prove  fatal  should  an  incorrect 
diagnosis  be  made.  If  there  is  any 
doul)t  about  the  diagnosis  the  surgeon 
should  not  hesitate  to  operate.  How- 
ever, surgical  intervention  for  acute 
pancreatitis  has  in  our  experience,  as 
well  as  from  the  experiences  in  the  lit- 
erature, increased  the  morbidity  sig- 
nificantly. 

The  following  case  is  that  of  one  of 
our  patients  operated  upon  for  an 
acute  surgical  abdomen  who  proved 
to  have  an  acute  pancreatitis.  The 
postojierative  course  was  stormy  and 
prolonged  as  a  result  of  a  series  of 
complications. 

A  29  year  old  male  was  admitted  to 
Elmhurst  Hospital  with  complaints  of 
severe  upper  abdominal  pains.  The 
pains  began  shortly  after  breakfast 
the  day  of  admission  and  were  located 
in  the  epigastrium,  accompanied  with 
nausea  and  vomiting.  The  pains  were 
constant   and   became  progressively 

From  the  Department  of  Surgery,  The 
Mount  Sinai  Hospital,  New  York,  N.  Y.  and 
The  Mount  Sinai  Service.s  at  City  Hospital 
Center,  Elmhurst,  Queens,  N.  Y. 


worse  throughout  the  day.  The  pa- 
tient gave  a  history  of  alcoholism  for 
the  past  four  years.  He  smoked  2V2 
packages  of  cigarettes  per  day.  He 
was  considered  to  be  in  good  health 
until  3  to  6  months  prior  to  admi-ssion 
when  he  began  to  experience  freciuent 
short  episodes  of  midepiga.stric  pains 
accompanied  with  vomiting  of  clear 
mucoid  fluid.  There  was  no  history  of 
hematemesis  or  melena. 

Physical  examination  revealed  a 
thin  acutely  ill,  anxious  male.  He  was 
markedly  diaphoretic  with  a  pulse  of 
140,  blood  pressure  125  100,  tempera- 
ture of  100.2°F.  Pertinent  physical 
findings  were  confined  to  the  abdo- 
luen  which  was  moderately  distended, 
diffusely  tender  over  the  entire  abdo- 
men; more  markedly  tender  in  the 
upper  abdomen  with  rigidity.  The 
liver  and  spleen  were  not  palpable. 
There  were  no  abdominal  masses  pal- 
pable. The  bowel  sounds  were  hypo- 
active.  Emergency  lal)oratory  data 
included  a  white  blood  cell  count  of 
13,000/cu  mm  with  a  normal  differen- 
tial, a  hemoglobin  of  13.8,  and  a  se- 
rum amylase  of  478.  An  obstructive 
series  revealed  no  free  air  in  the  peri- 
toneal cavity.  The  patient  was  sus- 
jiected  of  having  an  acute  pancreati- 
tis, however,  a  perforated  viscus 
(peptic  ulcer)  was  also  strongly  con- 
sidered. Becau.se  a  perforated  ulcer 
could  not  be  ruled  out,  it  was  felt  that 
exploration  be  performed. 

Under  general  ane.«thesia,  the  ab- 
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iloincii  opened  tlii'ou^li  an  ii]i|)ei' 

iiiidline  incision.  There  was  no  evi- 
dence of  ;i  jjeriorated  viscus.  Explora- 
tion revealed  an  acute  hemorrhagic 
pancreatitis.  The  pancicas  was  en- 
larged, hemorrhagic  and  boggy.  Ap- 
j)roximately  300  to  500  cc  of  l)lo()d- 
tinged  serosangiiineous  fhiid  was 
found  in  the  lesser  sac.  No  further  ex- 
ploration was  carried  out.  The  hemor- 
rhagic fluid  was  aspirated.  Multiple 
Penrose  drains  and  a  rubber  tube  were 
placed  in  the  lesser  sac  adjacent  to  the 
pancreas  for  drainage.  The  abdomen 
was  closed  with  interrupted  wire  su- 
tures. 

The  postoperative  course  was  com- 
plicated with  delirium  tremens  which 
were  controlled,  hut  the  patient  had 
a  septic  course  with  temperatures 
spiking  to  104°r.  Purulent  drainage 
was  cultui'ed  from  the  drain  site  and 
grew  a  mixed  bacterial  flora.  Appro- 
priate antibiotics  were  administered 
with  little  change  in  the  febrile  course. 
The  drain  site  continued  to  drain 
purulent  drainage.  A  sinogram  and 
upper  gastrointestinal  series  revealed 
an  abscess  cavity  located  l)elow  and 
posterior  to  the  greater  curvature  of 
the  stomach. 

Five  weeks  following  the  initial  ex- 
ploration, the  patient  was  rcoperated 
upon  for  drainage  of  an  abscess.  At 
exploration  a  huge  abscess  cavity  was 
found  extending  from  the  left  upper 
cjuadrant  to  the  right  upper  quadrant 
along  the  posterior  aspect  of  the 
greater  curvatiu'e  of  the  stomach.  The 
cavity  contained  approximately  200 
cc  of  necrotic  pancreatic  purulent  ma- 
terial. There  was  a  moderate  amount 
of  diffuse  bleeding  from  the  wall  of 
the  abscess  cavity  which  necessitated 
packing  the  area  to  control  the  bleed- 


ing. The  abscess  cavity  was  packed. 
Snmp  lubes  were  placed  for  drainage 
and  the  abdomen  was  closed.  Post- 
operat i\cly  blood  was  noted  to  drain 
from  the  drain  site.  The  bleeding 
gradually  became  massive.  A])i)roxi- 
inately  two  weeks  postoperatively  the 
patient  required  10  units  of  whole 
blood  over  a  short  period  of  time  and 
he  was  returned  to  the  operating  room. 
Exploration  revealed  diffuse  oozing 
from  the  abdominal  wall  as  wtII  as 
diffuse  bleeding  from  the  thick  walled 
abscess  cavity.  Two  moderate  sized, 
actively  bleeding  vessels  in  the  w^all  of 
the  cavity  were  ligated.  The  abscess 
cavity  was  again  packed  and  a  Sump 
tube  was  used  for  drainage.  Postoper- 
atively there  was  no  further  bleeding. 
The  jiatient's  posto])erative  course 
was  again  stormy  for  the  subsequent 
4  weeks  with  spiking  temperatures  to 
103°  to  104°F.  However,  following 
a  spontaneous  gush  of  100  cc  of  pus 
from  the  drain  site  he  immediately 
began  to  show  signs  of  improvement 
and  his  temperature  rapidly  returned 
to  normal.  He  began  to  tolerate  his 
feedings  well.  The  abscess  cavity  be- 
came ])rogressively  smaller  and  after 
79  hosjiital  days  the  patient  was  dis- 
charged. 

Two  days  following  discharge  from 
the  hospital  the  jjatient  reappeared  in 
the  Emergency  Room  with  chills,  fe- 
ver, and  abdominal  pains.  He  ap- 
peared acutely  ill  with  a  temperature 
of  104.2°F,  a  pulse  of  100.  His  abdo- 
men was  mildly  distended  and  dif- 
fusely tender.  There  was  a  slight 
drainage  from  the  old  drain  site.  Lab- 
oratory data  included  a  white  blood 
cell  count  of  12,000  cu  mm  with  a 
shift  to  the  left  and  serum  amylase  of 
59  units.  The  patient  was  placed  on 
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antibiotics  with  the  suspicion  of  an- 
other abscess.  On  the  fourtli  h()s])ital 
day  of  this  admission,  small  intestinal 
contents  drained  from  the  drain  site. 
An  upper  gastrointestinal  series  and 
fistulogram  revealed  an  enterocuta- 
neous  fistula  from  the  proximal  je- 
junum. During  the  subsequent  two 
weeks  the  fistula  drained  approxi- 
mately 2000  to  3000  cc  of  fiuid  per 
day. 

The  i^atient  was  maintained  on  in- 
travenous fluids  and  nothing  by 
mouth.  Electrolytes  were  maintained 
within  normal  levels.  He  ran  a  febrile 
course  and  the  enterocutaneous  fistula 
continued  to  drain  without  evidence 
of  healing.  A  recurrent  abscess  was 
suspected  which  in  its  proximity  had 
envolved  small  bowel  and  caused  a 
small  bowel  fistula.  Since  the  presence 
of  the  abscess  was  most  probably  re- 
sponsible for  preventing  the  fistula 
from  healing  a  re-exploration  and 
drainage  of  the  abscess  was  consid- 
ered necessary.  Therefore,  after  14 
days  the  patient  with  a  jjrogressive 
downhill  course  and  without  evidence 
of  the  fistula  healing  was  again  ex- 
plored. The  abdomen  was  entered 
through  an  inverted  V  skin  incision  in 
the  e]3igastrium  away  from  the  pre- 
vious scars  and  draining  fistula.  The 
abdomen  contained  extensive  adhe- 
sions. The  abdominal  organs  were 
edematous,  friable,  and  were  firmly 
adherent  to  each  other.  The  abscess 
cavity  was  located  posterior  to  the 
transverse  colon  and  greater  curva- 
ture of  the  stomach  near  the  head  of 
the  pancreas.  A  segment  of  j^roximal 
jejunum  was  incorporated  into  the 
anterior  wall  of  the  abscess  cavity, 
and  from  this  envolved  segment  a 
wide  open  fistula  approximately  4  to 


")  inches  from  the  ligament  of  Treitz 
was  identified.  Adjacent  to  this  large 
fistula  were  present  3  or  4  tiny  fis- 
tulas. The  segment  of  bowel  could  not 
be  mobilized  nor  was  it  possible  to 
identify  and  isolate  any  loop  of  small 
bowel,  because  of  the  intense  inflam- 
matory process  matting  all  structures 
together.  Since  the  segment  of  bowel 
and  its  fistula  were  situated  adjacent 
to  the  stomach,  it  was  feasible  to 
anastomose  the  stomach  to  the  fistula. 
The  fistulas  were  connected  so  as  to 
form  one  ojiening.  The  edges  were  de- 
brided  and  a  gastrojejunostomy  was 
performed.  Two  gastrostomy  tubes 
were  separately  jilaced.  One  tube  was 
directed  through  the  anastomosis  into 
the  proximal  limb  of  the  jejunum  for 
decompression  and  the  other  tube  was 
directed  through  the  anastomosis  into 
the  distal  jejunum  for  feeding  pur- 
i:)0ses.  Penrose  drains  and  rubber  cath- 
eters were  placed  in  the  abscess  cavity 
and  the  abdomen  was  closed.  On  the 
fifth  postoperative  day  an  anasto- 
motic leak  became  evident.  The  course 
was  further  complicated  by  an  in- 
fected wound  which  completely  de- 
hised.  However,  with  local  care  to  the 
wound,  the  administration  of  intra- 
venous fluids  and  antibiotics  the  pa- 
tient very  slowly  imj^roved.  He  be- 
came afebrile.  The  amount  of  fistula 
drainage  gradually  diminished.  A 
trial  of  oral  feedings  was  started 
which  the  patient  tolerated  well  and 
the  fistula  closed  completely  by  the 
twenty-fifth  postoperative  day.  He 
then  made  great  strides  toward  recov- 
ering with  a  progressive  increase  in 
appetite,  weight  gain,  and  general 
feeling  of  well  being.  At  the  end  of  his 
illness  the  patient  weighed  80  pounds. 
An  upper  gastrointestinal  series  re- 
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vcalcd  prompt,  passaf^e  of  contrast 
material  from  the  stomach  tlirough 
the  gastrociitei'ostomy  as  well  as 
tlirough  the  (luodciuim  witliout  evi- 
dence of  leakage.  At  the  time  of  dis- 
charge from  the  hospital  the  patient 
weighed  105  pounds. 

During  examination  in  the  Surgical 
Clinic  2  months  following  discharge 
from  the  hospital  the  patient  looked 
well  and  stated  that  he  felt  very  well. 
His  appetite  was  excellent,  he  had  no 
gastrointestinal  complaints  or  abdom- 
inal pains.  His  weight  was  150  pounds. 

DISCUSSION.  This  case  illustrates  the 
major  complications  that  may  de- 
velop as  a  sequela  to  acute  pancrea- 
titis. As  inflammation,  necrosis,  and 
secondary  infection  develop,  pancre- 
atic abscess  follows. 

Delayed  hemorrhage  which  occurs 
about  10  days  or  more  following  the 
onset  of  acute  pancreatitis  seems  to 
have  as  a  basic  feature  secondary  in- 
fection of  the  necrotic  pancreas.  Hem- 
orrhage may  be  massive  from  the 
gastrointestinal  tract  often  due  to  in- 
volvement of  adjacent  structures  by 
the  infected  necrotic  pancreatic  tissue 
and  abscess.  Bleeding  may  also  occur 
from  the  bed  of  the  infected  pancre- 
atic tissue  as  was  the  case  with  our 
|)atient. 

Perforation  of  a  pancreatic  abscess 
has  been  reported  to  occur  into  the 
stomach,  duodenum,  small  and  large 
bowel.  Our  i)atient  demonstrated  a 
perforation  of  the  proximal  small 
bowel  adjacent  to  the  abscess.  We 
felt  that  our  approach  to  the  intesti- 
nal fistula  was  of  interest  particularly 
in  the  presence  of  the  adjacent  abscess 
and  general  abdominal  inflammation. 
One  can  only  speculate  as  to  whether 
the  patient  woidd  have  developed  the 


vai'ious  (•omj)lications  had  he  not  been 
operated  upon  initially.  However, 
once  com])lications  occur,  multiple 
operations  may  be  necessary  and  fre- 
(luently  life-saving. 

CASE  NO.  2 

Massive  Ascites  Secondary  to 
Pancreatitis 

The  source  of  ascites,  especially  in 
the  alcoholic,  is  usually  the  liver.  In 
the  differential  diagnosis  of  massive 
ascites,  pancreatitis  is  rarely  consid- 
ered in  spite  of  the  fact  that  this 
gland,  especially  in  an  acutely  inflam- 
matory state,  is  the  site  of  production 
of  variable  amounts  of  characteristic 
peritoneal  fluid.  This  fluid  is  usually 
serous  or  serosanguinous  and  is  char- 
acterized by  high  concentrations  of 
pancreatic  enzymes. 

A  few  scattered  reports  describe 
ascites  of  pancreatic  origin  (1,  2). 
Speculation  concerning  the  cause  of 
ascites  in  this  condition  includes  ob- 
struction and/or  thrombosis  of  the 
portal  vein  or  its  tributaries,  internal 
pancreatic  fistulae  (3),  encroachment 
of  pancreatic  cysts  or  pseudocysts  on 
adjoining  structures,  and  chemical, 
irritative  peritonitis.  Recurrent  mas- 
sive chylous  ascites  has  also  been  re- 
ported as  a  consequence  of  chronic 
relapsing  pancreatitis  (2). 

The  case  described  below  is  one  in 
which  exploratory  laparotomy  with 
internal  and  external  drainage  of  pan- 
creatic pseudocysts  resulted  in  a  sub- 
sidence of  massive  ascites  which 
caused  severe  symptoms  of  malignant 
cachexia  in  a  young  alcoholic  man. 

A  27  year  old  man  was  admitted  to 
Mount  Sinai  Hospital  with  a  chief 
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{'oiuplaint  of  upper  nlxloiuinal  pain, 
abdominal  swelling,  and  a  twenty 
}iound  weight  loss  over  the  month 
prior  to  admission.  The  patient  gave  a 
history  of  alcoholism  in  the  past  nine 
years,  and  admitted  to  the  ingestion 
of  two  to  three  bottles  of  cheap  wine 
daily.  During  the  vear  i)rior  to  ad- 


suggestions,  the  patient  did  not  stop 
drinking  and  did  not  follow  the  rec- 
ommendetl  diet. 

Recently,  he  noted  occasional  ankle 
swelling,  left  chest  pain,  and  bouts  of 
shortness  of  breath  related  to  the  de- 
gree of  abdominal  distension. 

The  jiatient  had  been  employed  as 
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mission  there  had  been  multiple 
admissions  to  other  hospitals  for  pan- 
creatitis, upper  gastrointestinal  bleed- 
ing, and  ascites.  He  had  been  told  of 
"liver  trouble"  at  one  hospital,  and  a 
diagnosis  of  acute  pancreatitis  was 
made  one  year  before  at  another  in- 
stitution. There  was  no  past  history 
of  hepatitis  or  jaundice.  Despite  mul- 
tiple warnings  and  dietary  regimen 


a  house  painter  uj)  to  two  years  before 
admission  but  denies  excessive  expo- 
sure to  known  hepatotoxins. 

Physical  examination  revealed  a 
thin,  chronically  ill  male  with  a  tem- 
perature of  99°F.,  pulse  100,  respira- 
tions 24,  and  blood  pressure  120/90. 
He  was  pale  and  anicteric.  There  was 
a  male  escutcheon,  and  he  was  free  of 
vascular   spiders,   liver   palms,  and 


UNUSUAL  I'KOHLEMS  IN  SURGERY 


401 


breast  enlargement.  His  lungs  were 
clear  hvit  lii.s  (lia])lii-agiii  did  not  move 
well  ;ind  dullness  to  ])ei-('Ussion  was 
noted  at  both  lun<j;  bases.  Tlic  ab- 
domen was  markedly  distended  and 
tense;  a  fluid  wave  was  elieited.  The 
liver  and  sjjleen  were  not  j)alpable  or 
ballotable.  The  genitalia  were  normal, 
the  extremities  without  edema,  and 
the  nevu'ological  examination  was 
within  normal  limits.  Laboratory  data 
included  a  hemoglobin  of  14.4  gm,  a 
white  blood  count  of  11,000  cu  mm, 
v\'ith  a  shift  to  the  left,  sedimentation 
rate  of  20  nun,  urine:  normal,  fasting 
l)lood  sugar:  78  mg  per  cent,  BUN: 
13,  sodium  136  mEq/L,  chloride  102 
niEq/L,  potassium  4.4  mEq/L,  COo: 
31.5  mEq/L,  bilirul)in  total  0.7  mg 
per  cent,  indirect  0.3  mg  per  cent, 
total  cholesterol  140  mg  per  cent,  cal- 
cium 9.0  mEq/L,  phosphorus  4.8 
mEq/L,  alkaline  phosphatase  2.3  B.L. 
units  (normal),  thymol  turbidity  10, 
SOOT:  9,  SGPT:  6,  cephalin  floccula- 
tion  1  i^lus,  total  protein  6.1  gm  per 
cent,  albumin  2.6  gm  per  cent,  globu- 
lin 3.5  gm  per  cent,  serum  amylase 
307  units,  jirothrombin  time:  patient 
13  seconds,  control  12  seconds,  stool 
guaiac  negative,  stool  for  ova  and 
parasites  negative,  latex  fixation  neg- 
ative, BSP  4  per  cent  retention,  PPD 
strongly  positive.  Abdominal  diag- 
nostic tap  revealed  a  clear  yellow  fluid 
with  a  specific  gravity  of  1.012,  ph 
alkaline,  many  red  and  white  blood 
cells,  no  tumor  cells,  total  protein  6.2 
gm  per  cent,  amylase  of  640  units, 
and  culture  for  AFB  was  negative.  A 
gastrointestinal  series  revealed  a  nor- 
mal esophagus  without  varices,  a  nor- 
mal stomach,  duodenum  and  duodenal 
sweep  and  no  pancreatic  masses.  A 
barium  enema  was  normal  and  a  chest 


x-ray  revealed  a  small  left  pleural 
effusion. 

The  ])atient  continue(l  to  accmnu- 
late  abdominal  fluid  rich  in  enzyme 
content  despite  repeated  paracentesis 
and  treatment  with  steroids,  INH, 
and  intravenous  colloid  solutions.  De- 
spite nasogastric  suction  and  admin- 
istration of  large  doses  of  anticholin- 
ergic drugs,  his  preoperative  course 
was  marked  by  repeated  episodes  of 
acute  pancreatitis  with  serum  amylase 
estimations  up  to  5,000  units.  Three 
hundred  cc  of  left  pleural  fluid  was 
removed;  it  too  was  rich  in  amylase 
and  closely  resembled  the  fluid  ob- 
tained by  paracentesis. 

Because  of  an  inability  to  control 
the  patient  medically,  he  w'as  trans- 
ferred to  the  surgical  service  for  some 
form  of  surgical  treatment.  He  was 
considered  an  extremely  poor  anes- 
thetic and  surgical  risk  because  of  his 
extreme  cachexia.  Following  a  second 
drainage  of  1 ,300  cc  of  left  chest  fluid 
and  over  2,000  cc  of  abdominal  fluid 
and  rehydration  with  intravenous 
electrolyte  and  colloid  administration, 
the  patient  was  considered  ready  for 
surgery. 

Under  nitious  oxide-oxygen  anes- 
thesia, the  abdomen  was  opened 
through  a  long  uj^i^er  transverse  in- 
cision. There  was  extensive  fibrinous 
exudation  over  the  entire  j^eritoneal 
cavity;  by  blunt  and  sharp  dissection 
the  pancreas  was  exposed.  Its  general 
appearance  was  more  normal  than  ex- 
pected; its  consistency  was  firm;  it 
was  not  very  edematous  or  grossly  in- 
flamed; its  surface  wept  serous  fluid 
after  it  was  wiped  dry.  An  aspirating 
needle  was  placed  in  the  body  of  the 
gland  in  a  search  for  a  cyst  and  after 
a  few  attempts  a  cavity  was  entered 
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and  clouily  ;j;i'i'y  fluid  was  obtained. 
An  incisiiin  was  nuulc  in  the  hody  oi' 
the  pancreas  following;  the  needle 
tract  and  as  the  incision  was  carried 
down  to  the  cyst  a  normal  sized  pan- 
creatie  duet  was  first  encountered  and 
divided.  Probes  were  ])assed  into  the 
(hict  both  ]ii'()\iinally  into  the  duode- 
num and  distally  to  the  tail  of  the 
gland  without  any  difficulty,  and  a 
number  three  Bakes  Dilatoi'  was 
passiul  with  ease  into  the  duodenum 
( Fig.  1 ) .  No  calculi,  concretions, 
sludge  or  strictiu'cs  were  encountered. 
Further  incision  revealed  the  entire 
cystic  cavity  on  the  most  dorsal  por- 
tion of  the  pancreatic  body  with  a 
total  capacity  of  about  50  cc.  Further 
exploration  of  the  pancreas  revealed 
a  second  cyst  in  its  retroduodenal  por- 
tion which  was  also  incised.  Biopsies 
of  the  cyst  walls  were  taken,  and 
sjiecimens  of  fluid  for  analysis  and 
culture.  The  cyst  of  the  l)0(ly  of  the 
pancreas  was  intubated  with  the  T 
portion  of  a  T  tube,  and  the  jxincre- 
atic  substance  closed  al)0ut  it  with 
nndtipU'  sutures.  The  long  arm  of  the 
T  tube  was  then  brought  through  both 
walls  of  the  stomach  using  pm'sestring 
sutures  foi'  each  penetration  of  the 
gasti'ic  wall.  The  i)Osterior  gastric 
wall  was  then  sutured  to  the  jiancrc- 
atic  ca])sule  with  intei'i'uiited  silk  su- 
tures when  a  gastrostomy  tube  was 
brought  out  alongside  the  T  tube.  The 
retroduodenal  cyst  was  drained  with 
a  rul)l)er  tube  brought  out  the  ab- 
dominal wall  through  a  stab  incision. 
A  Witzel  feeding  jejunostomy  was  es- 
tablislied  prior  to  abdominal  well  clo- 
sure. 

The  patient  withstood  the  |)i'oce- 
dure  well.  Biopsy  reports  re\'ealed 
that  both  cysts  were  pseudocysts,  and 


that  the  ])ancreatic  and  liver  speci- 
mens were  normal. 

Postoperatively  ascites  did  not  re- 
cui'.  \'arying  amounts  of  pancreatic 
fluid  drained  through  and  alongside 
the  T  Tube;  the  drain  to  the  other 
cyst  drained  little  if  at  all.  Je,iunos- 
tomy  feedings  wcvv  begun  on  the  third 
postoperative  day  with  added  Vio- 
kase.  The  stei'oid  dosage  which  had 
been  raised  for  surgery  was  gradually 
tapered.  The  patient  l)egan  to  gain 
weight.  One  month  following  surgery, 
after  an  unsuccessful  attempt  at  ra- 
diographic studies  thi-ough  the  T  tube, 
and  some  hours  after  removal  of  this 
tube,  he  developed  a  fever  of  104°r. 
He  was  treate<l  with  Penicillin  and 
Chloromycetin  for  an  intra-abdomi- 
nal infection  which  manifested  itself 
with  fever,  pain  and  ejiigastric  tender- 
ness. His  fever  and  leucocytosis  re- 
turned to  normal  over  the  next  few- 
days.  Gastrointestinal  series  at  this 
time  revealed  a  widening  of  the  duo- 
denal sweej)  compatible  with  a  jmn- 
creatic  mass.  Repeat  gastrointestinal 
series  a  few  days  later  indicated  a 
decrease  in  the  size  of  the  mass.  The 
je.pmostomy  and  gastrostomy  tubes 
were  I'emoved,  and  the  patient  was 
discharged  to  follow-up  in  the  out- 
patient dejiartment  two  months  aftei' 
sui'gery. 

DISCUSSION.  This  case  illustrates  that 
massive  abdominal  distension  second- 
ary to  intraperitoneal  fluid  may  be  of 
pancreatic  origin.  Even  in  the  alco- 
holic, with  ascites,  where  hepatic  dys- 
function is  etiologically  most  likely, 
the  pancreas  should  not  be  overlooked 
as  a  possible  cause  of  the  ascites. 
Thus,  diagnostic  paracentesis  should 
include  an  enzyme  determination. 
The  ]iathogenesis  of  the  [lersistent 
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liicopcrutivc  ascites  in  this  jjaticnt  is 
conjectural,  'riicic  was  no  (•\i(l('iic(; 
of  major  duct  olist ruct ion  \n\\.  un- 
doubtedly, minor  duct  and  ductular 
obstruction  existed.  The  pM  iidocysts 
found  at  operation  were  not  very 
large,  and  did  not  ai)pear  to  be  ob- 
structing or  compressing  a  major 
vessel,  nor  did  they  appear  to  be  com- 
municating with  the  peritoneal  cavity 
via  an  internal  fistula.  One  can  postu- 
late that  some  source  of  communica- 
tion did  exist,  that  fluid  wept  from  the 
pancreatic  surface  as  was  noted  at 
surgery,  and  that  these  in  addition  to 
the  chemical  irritative  effect  of  the 
pancreatic  juices  on  the  generalized 
peritoneum  resulted  in  the  continuing 
fiuid  collection. 

The  suggested  surgical  therapy  for 
massive  ascites  varies  from  pancrea- 
tectomy due  to  pancreatitis  to  cyst 
drainage  via  internal  or  external  fis- 
tulae  to  duct  drainage  (1).  Roentgen 


thei-apy  has  been  repoi'ted  with  a|)- 
paicnt  success  in  a  case  of  chionic 
relai)sing. 

The  prognosis  foi-  this  patient  is  not 
good  uidess  his  alcoholism  can  be 
stopped;  undoubtedly  repeated  at- 
tacks of  pancreatitis  with  or  without 
ascites  will  occur,  and,  if  he  survives 
these,  the  ravages  of  i)ancreatic  in- 
sufficiency and  diabetes  will  probaljly 
ensue. 
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Abscess  foiiuatioii  in  the  spleen  was  described  by  Hippocrates  and  has  been 
reported  regularly  in  the  medical  literature  through  the  subsequent  decades. 
Surveys  of  autopsy  material  during  the  pre-antibiotic  era,  when  suppurative 
disease  was  a  more  frequent  cause  of  death,  revealed  a  0.4  per  cent  incidence  of 
splenic  abscess  (9).  These  splenic  abscesses  generally  were  multiple  and  asso- 
ciated with  suppuration  in  many  other  organs.  In  modern  exjierience,  splenic 
abscess  presenting  as  primary  clinical  problem  is  uncommon.  This  is  particu- 
larly true  in  the  temperate  zones  of  the  world  where  diseases  affecting  the 
spleen  primarily  are  relatively  rare.  Two  cases  of  splenic  abscess  encountered 
on  a  general  hospital  surgical  unit  in  New  York  City  were  considered  of  suffi- 
cient surgical  interest  to  warrant  their  presentation  and  a  review  of  the  litera- 
ture on  this  subject. 

CASE  1 

A  57  year  old  Caucasian  female  was  admitted  to  the  Greenpoint  Division, 
Mount  Sinai  Hospital  Services,  Brooklyn,  New  York  February  3,  1964  with 
complaints  of  weakness,  mild  pain  in  the  left  shoulder  and  night  sweats  for 
the  previous  two  weeks.  The  patient,  a  known  diabetic  and  hypertensive  with 
a  history  of  previous  myocardial  infarction,  had  suddenly  collapsed  on  the  day 
of  admission.  On  admission,  the  patient  was  confused  and  apathetic  and  com- 
plained of  severe  low  left  lateral  chest  pain.  She  appeared  dyspneic  and  mark- 
edly cyanotic,  with  rapid  shallow  respiration.  Her  skin  was  cool  and  clammy. 
The  pulse  rate  was  100,  the  blood  pressure  140/85  and  the  temperature  was 
99.6°F. 

The  patient  responded  to  verbal  commands,  Init  initially  she  kept  her  head 
and  eyes  turned  to  the  left,  staring  vacantly  into  space.  She  answered  questions 
irrelevantly  and  inaccurately.  There  were  faint  crepitant  rales  at  both  lung 
bases  and  the  heart  sounds  were  faint  and  distant.  The  abdomen  was  flat,  soft 
and  exhibited  no  tenderness,  and  the  liver  edge  was  felt  three  finger  breadths 
below  the  right  costal  margin. 

The  patient  had  been  receiving  digitoxin  0/1  mg  daily,  hydrochlorothiazide 
50  mg  daily,  tolbutamide  500  mg  twice  daily,  pentaerythritol  tetranitrate  three 
times  daily  and  hydroxj'zine  hydrochloride  10  mg  twice  daily. 

Electrocardiogram  revealed  an  old  posterior  wall  myocardial  infarction, 
evidence  of  left  ventricular  hypertrophy  and  digitalis  effect.  There  was  mild 
right  upper  extremity  atrophy  related  to  birth  trauma.  There  was  no  clinical 

From  the  Surgifal  Service,  The  Mount  Sinai  Hospital  and  City  Hositital  Center  at 
Elmhurst,  Xew  York,  X.Y. 
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response  to  intravenous  dextrose.  The  cyanosis  improved  willi  oxygen  inliala- 
tion  and  verbal  stimulation  to  ventilalc. 

Within  se\'ei'al  hours  after  admission  the  patient  eomplaine(l  of  sevei'o  ab- 
dominal pain  and  diffuse  tenderness  and  rigidity  were  noted.  Her  tempei'atiu'e 
at  this  time  had  risen  to  I03°F.  The  hemoglobin  was  13.2  gm  per  cent,  with 
a  white  cell  count  of  13,r)()().  The  differential  count  revealed  polymorphonu- 
clear leukocytes  77,  bands  8,  lymphocytes  12,  monocytes  2  and  metamyelo- 
cytes 1.  The  urinanalysis  showed  10  to  15  white  blood  cells  per  high  power 
field,  4  to  8  red  blood  cells  per  high  power  field,  1  plus  albumin,  1  plus  sugar 
and  a  trace  of  acetone.  The  serum  amylase  was  151  units.  Fasting  blood  sugar 
was  475  nig  per  cent  the  blood  urea  nitrogen  43  mg  per  cent,  creatinine  1.9  mg 
])er  cent.  Diagnostic  paracentesis  was  performed  and  a  large  amount  of  brown- 
ish non-odorous  fluid  was  obtained.  Electrolyte  determination  revealed  a  se- 
rum sodium  of  140  niEq/L,  jiotassium  of  4.2  mEq/L  and  a  chloride  of  108 
mEq/'L.  The  patient  weighed  59  kilos  and  a  blood  volume  determination,  using 
a  radio-iodinated  serum  albvunin  dilution  technique,  w'as  normal  at  4100  cc. 

X-ray  examination  of  the  chest  was  negative.  Abdominal  films  revealed  an 
isolated  dilated  looj)  of  small  intestine  in  the  mid-abdomen. 

The  patient  was  treated  initially  with  intravenous  insulin,  plasma  and  sa- 
line solution.  By  the  evening  of  the  day  of  admission,  it  was  quite  clear  that 
the  patient  suffered  from  acute  peritonitis.  With  a  presumptive  diagnosis  of 
mesenteric  artery  embolus  with  infarction  of  the  intestine,  the  patient  was  ex- 
jilored. 

The  abdomen  was  entered  through  a  left  paramedian  upper  abdominal  inci- 
sion. Ajiproximately  750  cubic  centimeters  of  turbid,  tannish,  odorless  fluid  was 
found  and  aspirated.  Cultures  were  taken  which  subsequently  showed  Bacillus 
bacteroides.  Initial  exploration  failed  to  reveal  any  evidence  of  infarction  or 
perforation  of  the  intestinal  tract.  The  appendix,  gallbladder,  biliary  system, 
uterus,  fallopian  tubes  and  ovaries  were  normal.  On  careful  inspection  of  the 
organs  in  the  left  upper  cjuadrant,  a  number  of  dense  adhesions  were  noted 
betw^een  the  greater  curvature  of  the  stomach  and  lateral  parietes  and  in  the 
region  of  the  colophrenic  ligament.  Purulent  material  could  be  seen  coming 
from  between  these  adhesions  with  each  descent  of  the  diajjhragm.  Further  dis- 
section in  this  area  revealed  a  moderately  enlarged  spleen  with  a  dense  fibrotic 
reaction  al)out  its  capsule,  adherent  to  the  diaphragmatic  peritoneum.  At  its 
lower  pole,  there  was  a  perforation  from  which  is.sued  purulent  material.  Since 
the  spleen  clearly  could  not  be  delivered  in  the  usual  fashion,  it  was  elected  to 
ligate  the  splenic  artery  and  vein  primarily.  The  lesser  sac  was  entered  by  di- 
viding the  short  gastric  vessels.  On  securing  the  splenic  artery  and  vein  with 
ligatures,  there  was  an  improvement  in  the  general  condition  of  the  patient, 
with  a  rise  in  blood  pressure  and  a  slowing  of  the  pulse. 

The  spleen  was  then  removed  piecemeal  and  was  found  to  contain  a  large, 
well-established  abscess  cavity.  Hemostasis  was  secured  and  a  large  tubular 
drain,  together  with  several  penrose  drains,  were  placed  in  the  left  subphrenic 
space  and  brought  out  through  a  lateral  stab  wound.  The  abdomen  was  then 
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closed  with  int cnuptcd  tigurc-of-cight  stainless  steel  wires  through  ])eritoneuni 
and  fascia.  The  skin  was  closed  with  interrupted  silk  sutures,  louring  the  oper- 
ation the  patient  received  300  nd  of  plasma  with  50  gm  of  niannitol  in  dextrose 
and  saline. 

Posto]ieratively  the  patient's  general  condition  was  markedly  improved 
although  she  remained  somewhat  confused.  She  was  treated  with  large  doses  of 
aqueous  ])enicillin  and  Chloromycetin  intravenously  during  the  first  postopera- 
tive week.  Her  drains  weie  advanced  and  removed  on  the  eighth  ]iostoperative 
day.  Her  mental  state  imjiroved  slowly  and  she  was  discharged  thirty-eight 
days  after  admission. 

One  month  later  the  ]iatient  w-as  admitted  to  Kings  County  Hospital  be- 
cause of  acute  congestive  heart  failure  and  acido.sis.  8he  was  treated  with  anti- 
coagulants and  digitalis  because  of  suspected  pulmonary  emboli.  Her  blood 
urea  nitrogen  rose  gradually  and  the  ])atient  exjiii'ed  on  the  fourteenth  hosjiital 
day. 

Postmortem  examination  revealed  generalized  arteriosclerosis  with  marked 
atherosclerosis  of  the  coronary  vessels.  There  was  a  recent  myocardial  infarc- 
tion of  the  jiosterior  wall  and  an  old  anteroseptal  infarction.  Mural  thrombi 
were  found  at  the  apex  of  the  left  A-entricle.  The  kidneys  revealed  moderate 
ai'teriolar  nephrosclerosis  and  diabetic  glomerular  sclerosis.  The  lungs  revealed 
multijile  ]nilmonary  emboli  bilaterally,  with  multiple  pulmonary  infarcts,  both 
recent  and  old.  The  cause  of  death  was  recent  myocardial  infarction,  compli- 
cated by  pulmonary  thromboeml)oli  and  infarction. 

Pathologic  examination  of  the  removed  spleen  revealed  a  marked  chronic 
perisplenitis  with  fibrosis,  indicating  long-standing  inflammatory  disease  of 
that  organ.  The  abscess  cavity  within  the  spleen  was  large,  with  a  thick  pyo- 
genic membrane.  Culture  and  ])athologic  sections  revealed  gram  negative  B. 
bacteroides  organisms  (Figs,  la,  lb).  The  abscess  cavity  was  solitary  and  had 
perforated  spontaneously  through  the  lower  pole  of  the  spleen. 

Case  2 

A  24  year  old  Negro  male  was  admitted  to  the  Medical  Service  of  The 
Mount  Sinai  Hospital  June  22,  1965  with  chief  complaint  of  chills,  fever  and 
left  ujijier  quadrant  abdominal  pain  of  5  days  duration.  The  patient  had  had 
numerous  previous  admissions  to  this  hos])ital  for  treatment  of  painful  sickle 
cell  crises.  He  was  known  to  have  a  hemoglobinopathy  of  the  SC  type.  His 
left  ui^per  quadrant  abdominal  pain  was  described  as  sharp,  aggravated  by 
respiratory  motion  and  radiating  to  the  left  shoulder.  The  pain  persisted,  his 
urine  apjieared  darker  than  usual  and  on  the  day  prior  to  admission  he  de- 
veloped diarrhea  with  9  to  10  loose  stools.  On  admission  to  the  hospital  his 
temperature  was  104°F.,  pulse  rate  112,  blood  pressure  110/85  and  respirations 
20.  There  were  decreased  breath  sounds  at  the  left  lung  base  posteriorly,  with 
fine  insipratory  rales  and  expiratory  wheezes.  On  examination  of  the  abdomen, 
the  liver  was  felt  1  to  2  finger  lireadths  below  the  right  costal  margin  and  the 
spleen  was  enlarged  3  to  4  finger  breadths  below  the  left  costal  margin  and  was 
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Fig.  la  (Case  1)  One  of  the  abscesses  of  the  spleen. 
Fig.  lb  (Case  1)  Gram  negative  bacteria  in  the  spleen. 


firm  and  tender.  Rel)ound  tendernef^s  could  be  elicited  in  the  left  upper  quad- 
rant and  there  was  generalized  gaseou.s  distention  of  the  abdomen.  The  initial 
white  cell  blood  cell  count  was  9,500  with  a  differential  of  18  neutrophiles,  49 
bands,  10  lymphocytes,  22  monocytes  and  1  basophile.  The  hemoglobin  was 
10  gm  per  cent,  hematocrit  31.  The  sickle  cell  preparation  showed  10  per  cent 
sickling.  Urinalysis  revealed  1  plus  all)uminuria  and  acetonuria. 

During  the  first  week  of  hospitalization,  the  patient  appeared  slightly  icteric 
and  had  a  relatively  low  reticulocyte  count  despite  a  fall  in  hemoglobin.  A 
blood  culture  grew  Salmonella  entcritidis  which  was  also  present  in  the  stool. 
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The  serum  iron  was  16  fxg  per  cent  with  a  total  iron  hin(hn52;  cainicity  of  178 
fig  per  cent.  Blood  chemistries  revealed  an  alkaline  ])hos])hatase  of  27  KAl', 
an  amylase  of  630  units  and  SGOT  of  440  units.  The  patient  was  treated  with 
penicillin,  streptomycin  and  Chloromycetin  but  continued  to  lun  a  high  tem- 
perature of  104  to  105°F.  Abdominal  pain  persisted  and  the  bilirubin  rose  to 
9  mg  per  cent.  Chest  X-ray  revealed  a  pneumonitis  at  the  left  base  with  eleva- 
tion of  the  left  diaphragm.  The  patient  did  not  respond  to  antibiotic  therapy 
and,  during  the  second  hospital  week,  oxacillin  was  introduced;  when  that 
failed,  neomycin  was  given  parenterally.  During  the  third  hospital  week,  his 


Fig.  2  (Case  2)  Gastrointestinal  scik  s  showing  displacement  of  the  stomach  by  the 
splenic  mass  and  air  bubbles  within  it  (arrows). 

condition  improved  somewhat  and  the  i)ulmonary  findings  cleared  on  serial 
radiographs.  During  the  fourth  hospital  week,  however,  the  patient's  tempera- 
ture again  rose  considerably  and  his  sensorium  became  clouded.  He  passed 
several  foul  smelling,  red-brown  stools  per  rectum.  A  cholecystogram  done  at 
this  time  was  normal,  but  a  gastrointestinal  series  performed  at  the  end  of  his 
fifth  hospital  week  revealed  an  enlarged  spleen  displacing  the  stomach  medially. 
A  number  of  gas  bubbles  were  demonstrated  within  the  pulp  of  the  spleen 
(Fig.  2).  The  clinical  course  and  radiographic  picture  being  quite  characteristic 
of  "tropical"  splenic  abscess,  the  patient  was  transferred  to  Surgical  Service 
for  splenectomy.  Prior  to  surgery  he  received  2  units  of  whole  blood.) 

The  spleen  was  approached  through  a  long  left  paramedian  incision.  It  was 
found  to  be  moderately  large  and  densely  adherent  to  all  the  surrounding 
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structures.  Prior  to  dissection  aiouiul  the  spleen,  the  splenic  arteiy  and  vein 
were  approached  through  the  lesser  omentum  and  ligatcd  in  continuity.  The 
splenic  dissection  was  very  difficult  and  the  splenic  pulp  was  entered  at  several 
points.  There  was  a  moderate  amount  of  hleeding  attendant  on  the  dissection 
and  the  patient  received  tiu-ee  units  of  whole  Mood  dui'ing  the  procedui'e.  The 
spleen  was  finally  delivered  from  the  abdominal  cavity  and  its  pedicle  doubly 
ligated.  After  removal  of  the  s])leen,  there  was  continuous  oozing  from  its  dia- 
phragmatic bed  despite  a  prolonged  effort  to  achieve  complete  hemostasis. 
Consequently,  a  gauze  packing  was  placed  in  the  left  subphrenic  space  and 
brought  out  with  a  tubular  drain  and  three  Penrose  drains  through  a  large  left 
lateral  stab  wound.  The  wound  was  closed  with  intermitted  ^28  wire  sutures 
through  peritoneum  and  fascia.  Because  of  the  contamination  produced  by  the 
mobilization  of  the  heavily  infected  spleen,  cutaneous  sutures  were  placed  but 
were  not  tied  initially,  to  allow  for  a  secondary  closure. 

The  surgical  specimen  was  somewhat  enlarged,  weighing  565  grams.  The 
capsule  was  absent  in  several  areas.  On  cut  section  the  parenchyma  was  dark 
red  and  the  follicular  pattern  obscured.  In  one  area  there  was  a  large  splenic 
infarct  containing  brownish  necrotic  material.  On  microscopic  section  the 
spleen  showed  hyperemia,  sickling  of  red  cells,  hemosiderosis,  normoblastic 
foci  and  areas  of  infarction.  Cultures  of  the  necrotic  splenic  pulp  grew  Salmo- 
nella enteriditis  and  Escherichia  coli. 

Postoperatively  the  patient  received  penicillin,  ampicillin  and  cephalothin. 
He  remained  febrile  until  the  eighth  postoperative  day  when,  under  general 
anesthesia,  the  packing  and  drains  were  removed  and  a  double  sump  tube  in- 
serted into  the  operative  area.  The  patient  was  then  treated  with  continuous 
irrigation  and  aspiration  of  the  splenic  bed  with  sterile  saline  solution.  Grad- 
ually the  temperature  returned  to  normal  and  the  drains  were  progressively 
shortened  and  removed  entirely  on  the  twenty-fifth  postoperative  day.  Feeling 
well,  he  was  discharged  from  the  hospital  one  month  after  surgery.  Shortly 
after  discharge  he  returned  to  the  Outpatient  Clinic  where  a  small  purulent 
collection  in  the  drain  tract  was  evacuated.  From  that  time  he  has  done  well 
with  the  exception  of  some  neurosensory  hearing  loss,  presumed  to  be  secondary 
to  streptomycin  and  neomycin  toxicity. 

DISCUSSION 

The  first  patient  is  only  the  fifth  reported  case  of  intraperitoneal  rupture  of 
a  splenic  abscess  diagnosed  premortem  and  only  the  second  reported  survivor 
(7).  Unless  a  diagnosis  of  splenic  abscess  has  been  previously  made,  the  acute 
event  of  rupture  appearing  as  a  perforation  of  an  intra-abdominal  viscus  is 
almost  always  misdiagnosed.  Projier  conduct  of  the  operative  procedure,  upon 
making  the  diagnosis  at  laparotomy,  merits  some  discussion  in  view  of  the 
difficulty  encountered  in  removing  an  adherent  infected  spleen.  Remarkable 
improvement  in  the  general  condition  of  the  patient  on  ligation  of  the  splenic 
pedicle  and  aspiration  of  the  peritoneal  fluid,  as  previously  observed  by  Whe- 
lan,  was  confirmed  by  our  experience.  Primary  control  of  the  splenic  i)edicle 
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allows  a  safe  splenectomy  to  be  carried  out  by  reducing  the  potential  blood 
loss.  By  carefully  packing  off  the  operative  area  in  the  left  upper  quadrant, 
even  piecemeal  removal  of  the  spleen  can  be  accomplished  successfully  with- 
out undue  contamination  of  the  remainder  of  the  peritoneal  cavity.  Adequate 
sump  suction  drainage  of  the  left  subjihrenic  space  niu.st  be  established  because 
of  the  likelihood  of  contamination  and  subsecjuent  infection  of  this  area. 
Prompt  culture  and  antibiotic  sensitivity  tests  of  the  organisms  in  the  spleen 
are  mandatory  for  judicious  selection  of  apjiropriate  antibiotics. 

The  tan,  turbid,  odorless  fluid  found  in  this  ])atient  resembles  the  description 
of  fluid  found  in  other  similar  cases  previously  reported  (1,  4j  and  is  appar- 
ently characteristic  of  this  condition. 

In  reconstructing  the  pathogenesis  of  this  case,  one  notes  the  premonitory 
cerebral  signs  and  the  finding  of  an  intraventricular  mural  thrombosis  sug- 
gesting an  embolic  shower  resulting  in  splenic  infarction  as  well  as  transitory 
cerebral  ischemia.  Xo  other  abscesses  were  found  intraperitoneally  and  no 
other  primary  source  of  infection  could  be  found  which  mitigates  against  gen- 
eralized septicemia.  One  must  conclude  then  that  secondary  infection  of  a 
splenic  infarct  was  the  underlying  etiology  in  this  ca.se. 

The  etiology  and  pathogenesis  of  splenic  abscess  is  multifold.  With  the  ex- 
ception of  the  gonococcus,  every  known  pathogenic  bacterial  organism  has 
been  found  and  reported  in  the  spleen.  In  the  temperate  zones  of  the  world, 
.splenic  abscess  is  most  often  caused  by  bacteremia,  with  septic  emboli  localiz- 
ing in  the  spleen.  Bland  sjilenic  infarction  may  also  occur  and  secondary  in- 
fection supervenes.  It  is  estimated  that  75  per  cent  of  all  reported  cases  of 
splenic  abscess  have  this  etiology  (3 1.  Billings  (6)  reporting  on  3.600  autop- 
sies, found  24  splenic  abscesses  in  141  splenic  infarctions.  Although  generally 
the  site  of  entry  is  arterial,  pyelophlebitis  of  the  portal  venous  system  can  result 
in  splenic  suppuration. 

In  the  majority  of  cases,  there  is  a  known  jjrimary  focus  of  infection.  Some 
of  those  reported  include  endocarditis,  pneumonia,  lung  abscess,  empyema, 
dental  infections,  otitis,  mastoiditis,  peritonsillar  abscess,  pelvic  suppurative 
disease,  endometritis  (septic  abortion),  thrombophlebitis,  appendicitis  and  skin 
and  soft  tissue  infections,  especially  in  the  presence  of  diabetes. 

The  primarily  diseased  spleen  is  also  susceptible  to  suppurative  complica- 
tions. In  the  older  literature  and  in  cases  reported  from  tropical  areas,  malaria, 
typhoid  fever  and  relapsing  fever  are  common  underlying  conditions.  Hydatid 
and  dermoid  cysts,  as  well  as  amoebomas  occurring  in  the  sjileen,  have  become 
secondarily  infected.  Piimary  blood  dyscrasias,  including  leukemia  and  sickle 
cell  disease,  predispose  to  splenic  abscess.  In  a  series  of  six  tropical  acute 
splenic  abscesses  rejiorted  from  Nigeria,  five  patients  had  sickle  cell  disease 
(5).  In  these  cases,  the  abscess  may  be  a  sterile  postinfarction  phenomenon. 
In  the  second  patient  presented  in  this  paper,  the  abscess  resulted  from  such  a 
splenic  infarction  secondary  to  sickle  cell  SC  hemoglobin  disease.  The  offend- 
ing organism  here  was  B.  bacteroides. 

A  small  percentage  of  cases  are  secondary  to  post-traumatic  subcapsular 
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heiiiatoina.-^.  Inlow  (2j  in  1927  reported  24  such  cases  treated  surgically  with  a 
38  per  cent  nioitality.  A  still  smnller  ii;i()up  of  cases  represent  extension  of  in- 
fection from  adjacent  or<;;ans  sucli  as  jjerforated  gastric  or  splenic  flexure 
colonic  carcinomas. 

The  solitary  splenic  abscess  without  sepsis  in  other  organs  and  without  evi- 
dence of  a  jn'imary  focus  is  rare,  occurring  in  only  16  i)er  cent  of  all  cases  of 
splenic  abscess  (9).  These  abscesses  behave  like  subphrenic  abscesses  and  may 
rupture  into  the  ])leural  cavity  (8)  as  well  as  into  the  peritoneal  cavity.  Ruj)- 
ture  causing  general  i)eritonitis  is  exceedingly  rare.  The  usiud  clinical  findings 
are  systemic  toxicity,  abdominal  tenderness  and  rigidity  and  cardiovascular 
collapse. 

The  diagnosis  of  the  unruptured  splenic  abscess  is  a  difficult  one,  mimicking 
a  subphrenic  or  perinephric  abscess.  The  position  of  the  abscess  in  the  spleen 
determines  the  symptomatology.  In  the  ui)i)er  jiole,  the  signs  are  of  subdia- 
phragmatic irritation  with  left  chest  pain,  left  shoulder  pain  and  occasionally 
left  jileural  effusion  and  fixation  of  the  left  diaphragm.  In  the  lower  pole,  one 
may  feel  an  enlarged  spleen  which  is  tender  with  signs  of  peritoneal  irritation 
in  the  left  upper  quadrant  of  the  abdomen.  A  friction  rul)  may  be  heard  over 
the  spleen.  Frequently,  as  in  the  first  case,  the  abscess  may  be  asymptomatic. 

Occasionally,  what  appears  to  be  a  left  sul)phrenic  abscess  is  drained  and  a 
septic  course  persists  from  what  proves  to  be  an  associated  splenic  abscess. 
Subsequent  splenectomy  is  then  curative.  Ochsner  and  Graves  (10)  reported  a 
2.4  per  cent  incidence  of  this  association  in  3,000  subphrenic  abscesses.  Radio- 
grajihic  study  of  the  left  upi)er  quadrant  fiX'Ciuently  demonstrates  enlargement 
of  the  spleen  with  displacement  of  the  stomach  medially  and  depression  of  the 
splenic  flexure  of  the  colon  in  a  caudal  direction.  Single,  or  more  often,  multiple 
gas  filled  jiockets  within  tlie  splenic  parenchyma  demonstrated  radiographi- 
cally,  although  rare,  are  riuite  characteristic  of  splenic  al)scess  or  at  least 
splenic  infarction  with  i)aienchymal  necrosis.  This  gas  formation  has  been 
demonstrated  in  the  absence  of  culturable  bacteria. 

The  treatment  of  sjilenic  abscess  should  be  surgical.  Procrastination  in  the 
surgical  treatment  of  splenic  abscess  is  usually  due  to  uncertainty  as  to  the 
diagnosis;  however,  when  the  diagnosis  is  made,  treatment  should  not  be  de- 
layed. The  complications  of  perforation  into  the  serous  cavities  and/or  septi- 
cemia are  much  too  serious  to  condone  delay.  The  results  of  treatment  with 
antibiotics  alone,  although  often  modifying  and  containing  the  infection  to  some 
extent,  are  not  curative. 

Most  cases  should  undergo  splenectomy,  the  indications  being  a  ruptured 
abscess,  multiple  abscesses  within  the  spleen,  an  upper  pole  abscess  or  associ- 
ated hemorrhage.  Occasionally,  in  the  very  ill  patient  with  a  lower  pole  ab- 
scess, splenotomy  and  diainage  alone  may  be  carried  out.  The  high  mortality 
figures  in  the  older  litei'ature  for  splenectomy  in  these  circumstances  led  many 
surgeons  of  that  period  to  favor  splenotomy  (9) .  The  advances  in  modern  sur- 
gery have  altered  this  jiractice.  The  marked  improvement  in  the  patient's  gen- 
eral condition  on  control  of  the  vascular  pedicle  noted  both  by  Whelan  17) 
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and  in  our  case  s;uggc.sts  tliat  this  slionld  hv  the  first  step  in  the  surgical  ap- 
proach to  tlie  spkxni  and  that  splenectomy  should  follow.  Although  the  thora- 
coabdominal approach  would  enhance  the  technical  ease  with  which  the  dif- 
fusely adherent  spleen  can  be  removed,  we  feel  that  this  is  contraindicated  for 
fear  of  contamination  of  the  pleural  cavity. 

Wide  drainage  of  the  left  subphrenic  space  should  be  carried  out.  We  have 
been  dissatisfied  with  the  results  of  simple  tube  or  Penrose  drainage  and  have 
instituted  sump  drainage  with  continuous  irrigation  of  the  left  subphrenic 
space  with  sterile  saline  solution.  Beginning  in  the  immediate  postoperative 
period,  this  has  eliminated  clogging  of  the  drainage  tract  and  tubes  by  fibrino- 
purulent  material  and  has  produced  a  much  more  effective  cleansing  and 
drainage  of  the  subphrenic  space. 

Because  of  the  high  incidence  of  associated  distant  sites  of  infection,  the  use 
of  antibiotics  in  adecjuate  dosage  and  based  on  culture  and  sensitivity  reports 
is  imiiortant  even  when  a  splenic  abscess  is  removed  completely. 

SUMMARY 

Two  cases  of  splenic  abscess,  the  first  presenting  as  acute  peritonitis  due  to 
rupture  of  the  abscess  into  the  peritoneal  cavity  and  the  second  with  secondary 
infection  of  a  splenic  infarction  associated  with  sickle  cell  anemia  are  pre- 
sented. Both  patients,  critically  ill,  were  treated  with  splenectomy  and  recov- 
ered. This  is  the  second  reported  survivor  of  a  ruptured  splenic  abscess.  The 
suppuration  may  occur  in  the  spleen  secondary  to  splenic  infarction,  mycotic 
emboli,  traumatic  hematomas  or  as  the  result  of  direct  extension  from  infected 
neighboring  organs.  The  complications  of  splenic  abscess  are  catastrophic  and 
the  condition  should  be  treated  by  splenectomy  upon  confirmation  of  the 
diagnosis.  An  occasional  lower  pole  abscess  in  a  very  poor  risk  patient  may  be 
treated  by  splenotomy  and  drainage.  Ancillary  antibiotic  therapy  and  ade- 
quate drainage  are  important  for  securing  a  satisfactory  outcome. 
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A  fifty-one  year  old  negro  uuile  entered  the  Mount  Sinai  Hospital  because 
of  progressive  weakness  of  one  year's  duration.  He  was  hospitalized  nine 
months  earlier  at  another  hosjiital  with  weakness  of  the  arms  and  legs  and 
migratory  polyarthritis  invoh'ing  the  large  joints.  The  patient  lost  thirty-five 
pounds  in  three  months  and  also  noted  palpations  and  dyspnea  on  exertion. 
He  did  not  drink  alcoholic  be\-erages  hut  smoked  approximately  twenty  ciga- 
rettes a  day.  Physical  examination  at  that  time  revealed  a  slow  and  slurred 
speech  and  striking  muscle  wasting  aliout  the  hips  and  shoulders.  There  was 
paresis  of  the  orbicularis  oculi  muscles  and  all  the  proximal  muscles  including 
those  in  the  neck.  No  fasiculations,  muscle  tenderness  or  fatigue  phenomena 
were  noted.  The  reflexes  were  intact  and  the  sensory  examination  was  normal. 
Rales  were  heard  in  the  left  lung  base  in  addition  to  bilateral  wheezes.  The 
hemoglobin  was  11.5  gm  per  cent,  the  erythrocyte  sedimentation  rate  74  mm 
yiev  houi',  and  the  white  blood  count  9900  cu  mm  with  a  normal  difTerential 
count.  The  urine,  blood  sugar,  blood  urea  nitrogen  and  uric  acid  were  normal. 
Electrophoresis  of  the  serum  showed  a  noi'mal  i)attern.  The  sei'um  calcium  was 
8.2  mg  per  cent,  jihosphorous  5.1  mg  per  cent,  and  the  alkaline  phosphatase 
activity  1.7  Bodansky  units.  A  Kveim  test  was  negative.  Electromyographic 
studies  yielded  non-specific  abnormalities.  An  electrocardiogram  showed  pre- 
mature ventricular  contractions,  runs  of  jiaroxysmal  supraventricular  tachy- 
cardia and  an  intra-atrial  block.  A  chest  x-ray  showed  extensive  diffuse  inter- 
stitial fibrosis  of  the  right  lung  and  portions  of  the  left.  X-ray  examination  of 
the  skull,  bones  and  kidneys  were  normal.  An  upjier  gastrointestinal  series 
showed  dilatation  of  the  ])roximal  small  bowel.  Scattei'ed  focal  atrophy  and 
degeneration  of  the  muscle  fibers  with  some  fibrosis  were  seen  in  a  muscle 
biopsy  and  multiple  non-caseating  epitheloid  granulomas  with  giant  cells  were 
present  in  a  lymjih  node  biopsy  specimen.  A  biopsy  specimen  of  the  liver  was 
normal  and  a  bronchial  bioji-sy  specimen  showed  thickening  of  the  basement 
membrane  and  squamous  metaplasia.  The  patient  was  given  prednisone,  tes- 
tosterone, digoxin,  isoniazid  and  pyridoxine.  He  was  discharged  improved.  At 
home,  he  became  progressively  weaker,  even  having  difficulty  getting  out  of  a 
chair,  and  was  admitted  to  the  Mount  Sinai  Hospital.  He  denied  headaches, 
visual  disturbances,  numbness,  pai'esthesias  or  loss  of  s]")hincteric  function. 
The  physical  examination  was  unchanged  except  that  his  speech  was  more 
slurred.  The  urine,  white  blood  cell  count,  .serum  electrolytes  and  liver  function 
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tests  were  normal.  Tliyi'oid  uptake  studies  weiT  normal;  sevei'al  LE  prepara- 
tions were  negative,  the  antistreptolysin  titer  was  not  elevated  and  the  latex 
fixation  test  was  negative.  The  erythrocyte  sedimentation  rate  was  30  mm  per 
hour  and  the  eleetroeneephaloi>;ram  was  normal.  Electron  miorographic  studies 
demonstrated  abnormalities  suggestive  of  a  myopathy  with  nerve  involvement. 
The  sjiinal  lluid  pi'essure  was  350  mm  of  water  and  contained  60  ei'ythi'ocytes 
and  60  mononuclear  cells  jier  cubic  millimeter.  The  spinal  fluid  sugar  was  38 
mg  per  cent  and  the  protein  171  mg  per  cent.  No  improvement  was  noted  in 
the  patient's  nuiscle  strength  after  6  mg  of  Tensilon.  In  spite  of  large  doses  of 
prednisone,  the  jiatient  became  weaker.  X-ray  examination  of  the  right  scapula 
showed  a  cystic  lesion  at  its  inferior  border.  Atrial  fil)rillation  with  ventricular 
rate  of  140  pci'  minute.  ]iooi'ly  controlled  by  digoxin,  developed.  One  week 
before  death  an  electroencephalogram  showed  recui-rent  cycles  of  abnormal 
activity,  consistent  with  diffuse  cerebral  dysfunction  with  focal  abnormalities 
in  the  right  temjioral  region.  Several  throat  cultures  grew  Candida  nlbicnns. 
A  lumber  puncture  was  jierformed  and  the  fluid  contained  169  leukocytes,  62 
lymphocytes  and  12  large  cells,  which  were  interpreted  as  histiocytes.  Cultures 
were  sterile.  Despite  supportive  measures,  the  patient  became  comatose  with 
increased  resjnratory  difficulty  and  died  on  the  110th  hosjiital  day,  two  years 
after  the  onset  of  .symptoms. 

Dr.  OssernKDi The  proximal  muscle  weakness  and  weight  loss,  in  addition 
to  speech  involvement,  suggest  myasthenia  gravis.  There  are  a  small  group  of 
myasthenic  ):)atients  in  which  muscle  atrophy  occurs  relatively  early  in  the 
course  of  the  disease  and  afTects  predominantly  the  proximal  limb  muscles. 
The  patient  presented  with  a  wasting  disease  in^■olving  pi'cdominantly  mus- 
cles. Before  discussing  the  clinical  possibilities,  Dr.  Khilnani  will  present  the 
x-ray  findings. 

Dr.  Khibuuii.-T  The  earliest  chest  examination  showed  an  interstitial  process 
predominantly  in  the  !)ases  of  both  lungs  (Fig.  1).  The  infiltrations  were 
streaky  rather  than  nodular,  but  did  not  look  lymphangitic  in  natui'e.  Sarcoido- 
sis is  a  possibility  although  it  would  be  unusual  since  there  was  no  adenojiathy 
and  the  infiltrations  were  jirimarily  at  the  bases.  No  obvious  carcinoma  or 
metastatic  lesions  were  i)resent.  A  barium  meal  examination  showed  good 
esoj^hageal  motility,  and  no  evidence  of  scleroderma.  The  proximal  small 
bowel  was  slightly  dilated  but  the  mucosa  was  normal.  The  intravenous  pyelo- 
gram  showed  no  obvious  lesion  in  tlie  kiclney  except  for  a  localized  collection 
of  dye  in  the  upper  pole  which  ap])eared  to  represent  a  communicating  cyst. 
There  were  at  least  three  skeletal  lesions.  The  lesion  in  the  scapula  was  irregu- 
lar in  contour  suggestive  of  a  destructive  lesion.  A  similar  lesion  was  seen  in 
the  left  anterior  iliac  spine  (Fig.  2)  and  another  in  the  shaft  of  the  left  hu- 
merus. The  lesions  were  atypical  for  metastatic  carcinoma.  An  unusual  gran- 
ulomatous lesion  cannot  l)e  excluded. 

Dr.  Ossermdn:  Certain  facts  in  the  protocol  are  very  important;  the  onset  of 
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progressive  weakness  with  inarl^ed  weight  loss,  muscle  atro])hy  involving  par- 
ticularly the  proximal  muscles,  dyspnea  on  exertion  and  an  x-ray  picture  of  in- 
terstitial fibrosis. 

The  clinical  course,  the  absence  of  thymic  involvement,  the  lack  of  response 
to  Tensilon  and  the  finding  of  a  non-caseating  lymph  node  would  make  the  di- 
agnosis unlikely. 

^Myopathies  occur  in  acromegaly,  Addison's  disease,  Cushing's  Disease,  after 
prolonged  steroid  therapy,  thyrotoxicosis,  and  aldosteronism  due  to  low  serum 
potassium.  This  patient  did  not  have  an  endocrinopathy.  It  is  interesting  to 
note  that  in  the  thyrotoxic  myopathy,  we  have  never  found  a  myasthenic  re- 


FiG.  1.  X-ray  of  the  chest  re- 
v-ealing  a  fine  interstitial  process 
throiigliout  both  kings,  most 
in;iikiil  at  the  bases.  Multiple 
discoid  atelectasis  are  also  present 
in  the  left  base. 


sponse  to  Tensilon.  On  the  other  hand,  about  53  i)er  cent  of  our  myasthenic 
patients  without  obvious  signs  of  thyrotoxicosis  have  a  definite  hyperthyroid- 
ism. 

We  must  also  consider  jwlyarteritis  nodosa,  vasculitis,  disseminated  lupus, 
rheumatoid  arthritis,  scleroderma,  and  jiolymyositis.  There  were  no  lupus 
erythematosus  (LEj  cells  found,  the  ASLO  titer  and  the  C-reactive  protein 
were  normal.  Furthermore,  these  diseases  do  not  have  a  tendency  to  affect  the 
proximal  limb  muscles.  The  absence  of  skin  lesions  and  normal  esophageal 
studies  make  sclerodernra  unlikely.  The  electromyographic  changes  are  those 
seen  in  polymyositis,  however,  lymph  node  granulomas  and  pulmonary  infil- 
trations would  be  unusual  in  polymyositis. 

There  is  a  form  of  dystrophy  that  involves  the  limb  musculature  but  the 
electromyographic  findings  of  nerve  involvement  do  not  fit  this  picture.  Fur- 
thermore, the  serum  glutamic  oxalacetic  transaminase  is  generally  elevated. 

Let  us  now  consider  the  differential  diagnosis  of  granulomas.  They  are  of 
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two  tyi)es.  1  think  we  can  dismiss  tlic  type  caustMl  by  si I'cptococcus,  IxTylliiun 
and  tubei'culosis.  Although  he  was  treated  with  isoniazid,  he  had  no  fever,  and 
sputum  and  stomach  cultures  failed  to  gi'ow  acid  fast  organisms.  The  hone 
lesions  were  also  atypical.  Even  though  there  may  he  meningeal  and  hrain  in- 
volvement from  a  tuhci'culoma,  1  think  we  can  dismiss  it  as  a  possibility. 

The  malignant  lymphomas,  sarcoidosis  and  multiple  myeloma  have  to  be 
included  in  the  differential  diagnosis. 

Non-caseating  granuloma  with  giant  cells  are  most  connnonly  seen  in  sar- 
coidosis, but  they  also  can  occur  in  many  of  tlie  lymphomas.  Similar  biopsies 
mixed  motor  and  sensory  lesions,  and  finally  the  cases  from  the  Mayo  Clinic, 


Fig.  2.  Irregular  destructive  lesion  ia  the  supra-acetalnilar  area  of  the  left  iliac  bone 
(arrows). 

may  be  seen  in  Hodgkin's  Disease  but  a  definitive  diagnosis  cannot  be  made 
in  the  absence  of  Reed-Sternberg  cells.  Malignant  lymphomas  are  associated 
with  neuritis,  neurojiathy  and  myopathy  which  results  mainly  from  pressure  on 
structures  with  the  brain  and  spinal  cord.  In  Hodgkin's  Disease,  for  instance, 
the  dura  is  fi-equently  involved  and  impinges  on  adjacent  structures.  However, 
because  of  their  mode  of  spread,  Ijoth  motor  and  sensory  abnormalities  occur. 

Carcinomatous  myopathy  has  been  of  great  interest  to  me  because  abnor- 
malities occur  in  the  nervous  system  and  the  muscles  unrelated  to  metastasis. 
Denny-Brown  was  the  first  to  report  two  cases  with  motor  and  sensory  in- 
volvement. Pathologically,  they  showed  degeneration  of  the  dorsal  spinal  nerves 
and  a  polymyositis  of  the  muscles.  He  noted  that  histologically  the  lesions 
looked  very  much  like  Vitamin  E,  pyridoxine  or  ]iantothenic  acid  deficiency. 
Subsequently,  a  number  of  cases  were  reported  with  cerebral  dysfunction, 
of  a  condition  called  "Eaton"  disease.  Eaton  reported  a  patient  with  an  oat 
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cell  rai-ciiioiiia  of  the  luuvi.  wlio  pi'escntcd  with  marked  iiuiscular  weakness  and 
a  picture  that  one  might  see  in  myasthenia  gravis.  Electromyographic  studies 
were  consistent  with  a  neuromuscukir  block  and  a  few  responded  partially  to 
Tensilon  and  Prostigmin.  Dr.  Lambert  is  able  to  differentiate  these  patients 
from  true  myasthenics  because  very  slow'  electrical  stimulations  caused  a 
typical  myasthenic  fall-off  pattern  in  the  Ei\lG;  whereas,  with  stimulation  at 
fifty  ])er  second  facilitation  occurs  and  results  in  improvement  in  muscle  ac- 
tion jiotentials.  The  differentiation  is  not  only  electromyographic  but  there  is 
definite  clinical  evidence  of  facilitation  since  the  patient's  strength  improves 
after  exercise.  This  improvement  is  only  transient  because  with  repeated  exer- 
cise neuromuscle  l)lock  will  occur.  Therefore,  we  must  consider  carcinoma  of 
the  lung.  Indeed,  it  would  not  have  to  be  carcinoma  of  the  oat  cell  type  because 
there  have  been  similar  cases  reported  with  ovarian,  prostatic,  and  breast 
carcinomas.  Again,  the  proximal  muscles  and  the  limb  muscles  are  involved 
and  at  times  they  have  ptosis  and  e^•en  bulbar  paralysis. 

The  electromyogram  and  the  clinical  picture  does  not  resemble  myasthenia 
and  I  strongly  consider  carcinoma  of  the  prostate.  Finally,  I  think  sarcoidosis 
is  the  major  disease  to  be  considered.  Sarcoidosis  presents  with  fatigue,  mal- 
aise, and  frequently  weight  loss.  Previously,  it  was  considered  a  dermatological 
disease,  but  we  are  now  well  aware  of  its  sy.?temic  nature. 

I  saw  a  woman  wdth  combined  sarcoidosis  and  myasthenia  about  five  years 
ago.  She  was  admittted  for  fever  of  unknown  etiology,  a  high  eosinophilic  count, 
proximal  muscle  weakness  and  a  positive  Tensilon  test.  A  skin  and  muscle 
biopsy  was  consistent  with  sarcoidosis.  In  addition,  she  was  hyperthyroid. 
However,  at  no  time  did  her  lungs  show  the  typical  changes  of  sarcoidosis, 
such  as  fibrosis  or  hilar  adenopathy. 

Mayock  (3)  collected  1250  patients  and  tabulated  organ  involvement.  The 
lungs  are  involved  in  over  90  per  cent  of  the  cases.  Bone  was  involved  up  to 
25  per  cent  of  the  time.  Polyarthritis  is  also  very  common  and  occurs  in  10  per 
cent  of  the  cases.  Muscles  are  not  frequently  involved  (only  2.3  per  cent  in 
his  group).  In  the  case  mentioned,  we  were  able  to  make  the  diagnosis  of  a 
sarcoidosis  based  on  the  muscle  biopsy.  The  patient  under  discussion  had  non- 
caseating  granulomas,  but  muscle  biopsies  showed  no  evidence  of  a  sarcoid 
lesion.  The  nervous  system  is  involved  in  16  per  cent  of  the  cases  and  cardiac 
involvement  with  atrial  fibrillation  and  blocks  have  been  reported. 

The  liver  and  spleen  are  frequently  affected  although  a  positive  liver  biopsy 
is  usually  associated  with  a  high  serum  alkaline  jihosphatase  activity.  Both 
were  normal  in  this  case.  The  Kveim  test  is  almost  always  positive,  but  in  the 
acute  fulminating  cases,  it  may  be  positive  in  only  50  per  cent  of  the  cases. 
Therefore,  a  negative  Kveim  test  does  not  rule  out  sarcoidosis.  Patients  with 
sarcoidosis  will  also  frequently  have  a  positive  Wasserman  and  a  colloidal  gold 
reaction. 

Tubeiculosis  in  the  course  of  sarcoidosis  occuri'ed  in  al)0ut  4  per  cent  of 
Mayock's  series.  Five  cases  were  the  pulmonary  type  but  one  was  meningeal. 
Since  sarcoidosis  is  usually  a  slow  progressive  disease  and  the  death  rate  is  low. 
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onl.y  3'/l'  por  ccMit  were  due  to  sai'coidosis  per  se.  I'liis  patient  had  hotli  pi'o- 
gressivc  iiniscular  atro])liy  and  ccntial  nervous  system  dysfunction  in  addition 
to  the  other  manifestations  I  have  mentionefh  I  would,  therefoic,  suggest  that 
lie  had  Beck's  sai'coid  and  a  space  occupyinii;  h'sioti  of  the  l)i'ain  which  may  be 
lymphoma  or  a  metastatic  carcinoma. 

Question:  How  would  you  ex]ilaiii  the  hone  lesions? 

Dr.  < )sscniiiiii :  Sixteen  per  cent  of  sarcoid  patients  have  hone  lesions.  Al- 
though they  usually  are  of  a  different  tyjie.  punched  out  lesions  do  occur. 

Dr.  Rubin. The  original  scalene  lymph  node  biopsy  showed  non-caseating 
epitheloid  granulomas.  In  areas  of  the  lymph  node  there  was  an  eosinophilic 
hyalin-like  material,  so-called  para-amyloid,  which  is  found  in  sarcoidosis. 
The  muscle  biopsy  showed  atrophy  of  muscle  fibers,  interstitial  infiltration 
with  lymphocytes  and  fibrosis.  A  connective  tissue  stain  clearly  demonstrated 
fibrosis  of  muscle  (Fig.  3)  and  collections  of  histiocytes,  which  represent  re- 
sponse to  muscle  necrosis  rather  than  myositis.  The  cells  which  were  found  in 
the  spinal  fluid,  had  small  irregular  iniek'i  and  wei'e  interpreted  as  histiocytes 
(Fig.  4). 

At  autopsy,  both  lungs  were  enlarged  and  air  was  j^resent  in  the  pleural 
spaces.  The  right  lung  weighed  680  grams  and  the  left  580  grams.  Section  of 
the  lungs  after  inflation  wdth  formalin  displayed  small  cystic  areas,  more 
marked  at  the  periphery  of  the  lung  (Fig.  5).  Alveolar  structures  were  re- 
placed by  a  uniform,  firm  tissue,  which  microscopically  was  interstitial  fibro- 
sis (Fig.  6) .  Some  metaplastic  changes  were  also  found  in  the  epithelium.  In 
some  areas,  the  structure  of  the  lungs  was  not  well  maintained  and  there 
was  collapse  of  pulmonary  tissue  with  replacement  by  dense  fibrous  tissue. 
Multinucleated  giant  cells  were  found  lying  free  in  alveoli  and  represented 
metaplasia  of  alveolar  histiocytes.  Pneumonia  was  also  present,  which  may 
have  been  the  cause  of  death. 

The  giant  cells  were  not  found  in  the  interstitial  tissue  or  in  the  areas  of 
fibrosis,  but  only  in  alveolar  spaces.  Rare  fibrosing  granulomas  were  also 
found  in  the  interstitial  tissue  of  the  lung.  In  some  areas  of  the  lung  which 
were  not  fibrotic,  emphysema  was  present.  At  this  i:)oint,  I  would  say  that 
we  must  consider  sarcoidosis  as  a  strong  possibility  in  view  of  the  lymph  node 
granulomas,  the  interstitial  fibrosis,  and  the  granulomas  within  the  lung. 

However,  in  the  alveolar  spaces  of  some  areas  of  the  lung  were  clumps  of 
cells  with  bizarre  nuclei  and  clear  material  within  their  cytop'asm,  i.e.  signet 
ring  cells  (Fig.  7  ) . 

Signet  ring  cells  were  present  in  alveolar  or  lymphatic  spaces,  but  not  within 
the  fibrotic  septa.  Well  formed  glands  were  found  in  the  lung  but  meta- 
static adenocarcinoma  was  found  in  the  jejunum  and  within  the  cerebellum.  Car- 
cinoma involved  the  brain  and  infiltrated  the  lateral  ventricle,  impinging  u]ion 
the  ventricular  space.  The  meninges  of  the  spinal  cord  were  infiltrated,  but  the 
substance  of  the  spinal  cord  was  not  involved.  An  abdominal  lymph  node  con- 
tained a  fibi'osing  granuloma  as  well  as  metastatic  cai-cinoma  (Fig.  8).  Deep 
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Fig.  3.  Muscle  biopsy  showing  diffuse  fibrosis  (Trichrome  X  150). 
Fig.  4.  Histiocytes  within  the  spinal  fluid  (H  &  E  X  800). 
Fig.  5.  Section  of  lung  with  diffuse  microcystic  changes. 
Fig.  6.  Interstitial  fibro.sis  of  the  lung  (Reticulum  stain  X  150). 
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Fig.  7.  Signet  ring  cells  within  the  alveolar  spaces  (H  &  E  X  400). 
Fig.  8.  Lymph  node  showing  a  fibrosing  granuloma  and  carcinoma  cells  (H  &  E  X  150). 
Fig.  9.  Adenocarcinoma  of  the  pancreas  (H  &  E  X  200). 
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within  tlic  pancreas  and  not  evident  from  the  outer  surface  was  a  small  adeno- 
carcinoma— the  primary  tumor  (Fig.  9) . 

Carcinomatous  myopathy,  interstitial  fibrosis  of  the  lung  and  non-caseating 
epithelioid  granulomas — It  is  known  that  carcinoma  may  be  associated  with 
neuro-myopathic  syndromes.  Brain  (4)  has  divided  them  into  three  categories. 
The  first  and  the  third  types  are  primarily  neurological,  but  his  second  category 
is  a  myopathy  frequently  associated  with  a  myasthenic  syndrome  and  atrophy 
of  muscle.  This  particular  type  of  myopathy  occurs  occasionally  in  a  pure  motor 
form,  as  in  this  case.  Degeneration  of  ganglion  cells  and  demyelination  do  not 
occur  and  response  to  the  anticholinergic  drugs  is  variable.  However,  the  nature 
of  this  association  remains  speculative.  One  could  postulate  an  inmiunologic  re- 
action to  toxic  products  from  the  tumor,  or  a  common  virus  as  a  cause  of  both  the 
tumor  and  the  neuromyopathy  1 1 ).  They  occur  more  frec^uently  with  carcinoma 
than  with  the  reticuloses  or  lymphomas,  although  they  have  been  associated  with 
many  types  of  tumor.  The  granulomas  in  the  lymph  nodes,  the  interstitial  fibro- 
sis and  granulomas  in  the  lungs  were  compatible  with  sarcoidosis.  However,  no 
other  organs  were  involved.  There  are  sarcoid-like  lesions  associated  with  carci- 
noma. They  were  first  described  in  1911  by  Wolbach  and  subsequently  many  tu- 
mors have  been  associated  with  sarcoid-like  lesions  in  the  lymph  nodes,  which 
are  morphologically  indistinguishable  from  sarcoidosis.  The  presence  of  carci- 
noma and  granulomas  in  the  same  lymiih  node  is  uncommon  but  has  been  re- 
ported several  times.  Usually  the  lymph  nodes  which  show  these  changes  are 
topographically  related  to  the  tumor.  In  carcinoma  of  the  lung  the  scalene  nodes 
are  frequently  affected;  and  in  carcinoma  of  the  liver  the  portal  lymph  nodes 
are  involved.  One  should  be  careful  about  diagnosing  a  scalene  node  as  sar- 
coidosis on  the  basis  of  biopsy  in  the  absence  of  systemic  manifestations  of 
sarcoidosis.  What  about  sarcoidosis  itself  and  neurologic  manifestations?  Sil- 
verstein  et  al  (5)  reported  a  number  of  cases  of  sarcoidosis  which  showed  a 
motor  pattern  of  neuropathy  and  in  one  of  their  cases,  a  muscle  biopsy 
showed  atrophic  changes.  We  are  then  left  with  several  possibilities:  1)  car- 
cinomatous neuromyopathy,  associated  with  sarcoid-like  lesions;  2)  sarcoido- 
sis associated  with  myopathy  secondary  and  interstitial  pulmonary  fibrosis; 
and  3)  carcinomatous  neuromyopathy  with  sarcoid-like  lesions  and  an  inter- 
stitial pidmonary  fibrosis  of  unknown  etiology.  I  believe  that  the  patient  suf- 
fered from  carcinomatous  neuromyopathy  and  doubt  that  he  had  sarcoidosis. 
I  believe  that  the  interstitial  fibrosis  was  idiopathic.  However,  the  possibility 
that  he  had  two  diseases — sarcoidosis  and  carcinoma,  cannot  absolutely  be 
ruled  out  on  morphologic  grounds. 

FINAL  DIAGNOSIS 

1.  Adenocarcinoma  of  the  pancreas  with  metastases  to  the  brain,  meninges, 
lung  and  lymph  nodes 

2.  Carcinomatous  myopathy  with  muscular  atrophy 

3.  Sarcoid-like  reaction  secondary  to  carcinoma 

4.  Diffuse  interstitial  pulmonary  fibrosis 
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CLAUDE  BLOCK,  M.D.,  and  HARVEY  M.  PECK,  M.D. 
New  York,  NY. 

CASE  NO.  262 

A  24  year  old  female  was  transferred  to  the  hospital  from  another  institution 
for  treatment  of  lumbar  ^•ertelJral  fractures.  In  the  course  of  an  automobile 
accident  which  occurred  two  weeks  prior  to  admission  the  patient  sustained 
fractures  of  the  bodies  of  L2,  L3,  and  L4,  and  pedicular  fractures  of  L2  with 
slight  forward  dislocation  of  L2  on  L3.  There  was  no  significant  neurologic 
deficit.  A  seat  belt  was  worn  during  the  accident. 

Two  weeks  following  admission  the  patient  began  to  vomit  and  physical 
examination  revealed  upper  abdominal  distension.  Routine  blood  count  was 
normal.  X-ray  examination  of  the  abdomen  showed  evidence  of  partial  me- 
chanical high  jejunal  obstruction  (Fig.  11.  Barium  meal  examination  was  per- 
formed two  days  later  and  confirmed  a  partial  mechanical  obstruction  of  the 
upper  jejunum,  less  marked  than  on  the  original  plain  film  study  (Fig.  2). 
Satisfactory  decompression  was  accomplished  with  a  Cantor  tube  but  signs 
and  symptoms  recurred  two  weeks  later.  Diagnoses  of  intramural  hemorrhage 
with  stenosis  or  jejunal  perforation  with  adhesions  and  stenosis  were  enter- 
tained and  exploratory  laparotomy  carried  out.  At  laparotomy,  a  small  jejunal 
perforation  with  localized  abscess  formation  and  adhesions  was  found  12  to 
18  inches  distal  to  the  ligament  of  Treitz.  The  localized  perforation  was  closed 
and  the  adhesions  lysed.  The  post-operative  course  was  uneventful. 

DISCUSSION 

See  discussion  following  Case  No.  263. 

Case  Re-port:  Traumatic  rupture  of  the  jejunum  occurring  with  the 

USE  OF  A  SE.AT  belt. 

acknowledgment 

This  case  is  presented  through  the  courtesy  of  Dr.  ]\Iansho  T.  Khilnani,  The 
Mount  Sinai  Hospital,  New  York,  N.Y. 

CASE  NO.  263 

A  19  year  old  female  was  admitted  to  the  hospital  complaining  of  abdominal 
pain  following  an  automobile  accident.  A  seat  belt  was  worn  during  the  acci- 
dent. Examination  revealed  a  hematoma  in  the  right  mid-al)dominal  wall  at 
the  level  of  the  umbilicus.  There  was  marked  spasm  and  rigidity  over  the  mid 
and  ujiper  abdomen. 

Plain  film  study  of  the  abdomen  in  multiple  projections  was  performed  six 
hours  after  the  accident  (Fig.  1).  A  mild  inhibition  ileus  was  noted  and  there 

From  the  Department  of  Radiolog.y,  The  Mount  Sinai  Hospital,  New  York,  N.Y. 
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Case  262,  Fig.  1.  Supine  film  of  the  abdomen  reveals  a  few  widely  dilated  loops 
of  jejunum  in  the  mid  and  upper  abdomen  seen  against  a  background  of  generalized 
gaseous  distension  of  the  bowel.  The  superior  plates  of  the  vertebral  bodies  of  L2, 
L3  and  L4  show  irregularity  due  to  fracture.  Fracture  of  the  pedicles  of  L2  is  also 
present,  but  not  well  demonstrated. 

were  functional  change.s  in  the  cecal  contours.  A  small  collection  of  gas  bubbles 
was  present  to  the  left  of  the  spine  at  the  level  of  L3,  but  not  observed  at  this 
time.  There  was  no  free  intraperitoneal  air. 

Exploratory  laparotomy  was  performed.  There  was  a  hematoma  in  the  omen- 
tum and  the  transverse  mesocolon.  There  were  contusions  of  the  liver.  A  green- 
ish discoloration  of  the  tissues  was  seen  in  the  right  paracolic  gutter,  but  a  col- 
lection of  fluid  was  not  encountered  on  incision  of  the  peritoneum  here.  The 
duodenum  was  not  explored.  The  abdomen  was  drained  and  closed. 

Two  days  later,  the  patient  was  febrile,  dyspneic  and  toxic.  Chest  x-ray 
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Case  262,  Fig.  2.  Barium  meal  examination  performed  two  days  later  again  reveals 
a  few  dilated  jejunal  loops,  less  marked  than  that  seen  in  Fig.  1.  Barium  traverses  the 
dilated  loops  indicating  an  incomplete  obstruction.  The  site  of  obstruction  is  not  pre- 
cisely located. 

revealed  eon^uli(lation  or  atelectasis  of  the  right  upper  lobe,  pneumonic  infil- 
trations in  the  right  lower  lobe,  and  right  pleural  exudate.  Plain  film  study  of 
the  abdomen  I'evcalcd  marked  adynamic  ileus  and  a  mass  with  gas  bubbles 
in  the  right  flank  which  displaced  the  right  colon  medially.  Gas  bubbles  were 
also  observed  in  the  j^araspinal  region.  Intravenous  urogram  showed  medial 
displacement  of  the  right  ureter  (Fig.  2).  Barium  enema  examination  showed 
marked  displacement  of  the  right  colon  and  severe  functional  changes  (Fig.  3). 

The  patient  was  again  explored  surgically.  A  large  abscess  was  drained 
through  the  right  flank.  The  abdomen  was  then  opened  through  a  separate  in- 
cision and  peritoneal  exudate  and  fluid  were  observed.  The  entire  small 
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Case  263,  Fig.  1.  Plain  film  study  of  the  abdomen  performed  six  hours  after  auto- 
mobile accident  reveals  a  mild  inhibition  ileus  of  a  non-specific  nature.  There  is  a  small 
collection  of  gas  bubbles  in  the  left  paraspinal  retroperitoneal  tissues  (arrow  A). 
There  are  functional  changes  in  the  contour  of  the  cecum  (arrow  B).  There  was  no  free 
intraperitoneal  air. 

bowel  was  traced.  A\'lien  tlie  (luodenuiii  was  uncovcied,  a  wide  rupture  was 
found  at  the  junction  of  the  second  and  third  portions  on  the  inferior  aspect. 
There  was  an  associated  rent  in  the  small  bowel  mesentery.  The  duodenal 
rupture  was  closed  primarily  and  the  abdomen  drained  and  closed. 
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Case  263,  Fig.  2.  Intravenous  urogram  performed  two  days  later  reveals  a  large 
soft  tissue  mass  in  the  right  flank  v^hich  contains  gas  bubbles.  The  right  ureter  is  dis- 
placed medially. 

Tlie  patient's  subsequent  course  was  stormy.  The  duodenal  closure  broke 
down  and  a  fistula  developed  and  drained  through  the  right  flank.  A  drainage 
tube  was  inserted  into  the  duodenum  via  the  fistulous  tract.  A  feeding 
jejunostomy  was  performed.  Pulmonary  infection  and  heavy  bronchial  se- 
cretions recjuired  bronchoscopic  intervention.  Sudden  gastrointestinal  hemor- 
rhage occurred  at  one  point  recjuiring  massive  transfusion  therapy.  A  specific 
site  of  bleeding  could  not  be  determined  at  laparotomy,  but  the  bleeding 
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Case  263,  Fig.  3.  Barium  enema  examination  following  the  intravenous  urogram 
reveals  marked  displacement  of  the  right  colon  and  severe  functional  changes  in  this 
portion  of  the  bowel.  Residual  opaque  material  in  the  urinary  tract  is  seen. 

ceased  spontaneously.  The  duodenal  fistula  drained  heavily  at  first  but  drain- 
age gradually  diminished.  The  feeding  jejunostomy  and  duodenal  drainage 
tube  were  eventually  removed. 

Barium  meal  examination  was  performed  seven  weeks  after  admission 
(Fig.  4).  The  duodenal  fistula  at  the  junction  of  the  second  and  third  portions 
was  demonstrated  and  seen  to  communicate  with  a  cavity  in  the  right  lower 
quadrant  lateral  to  the  cecum,  as  well  as  with  the  right  flank.  The  cavity  in 
the  right  lower  quadrant  was  explored  and  drained.  Duodenal  drainage 
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Case  263,  Fig.  4.  Barium  meal  examination  performed  seven  weei<s  after  ad- 
mission shows  slight  dilatation  of  the  second  portion  of  the  duodenum.  Opaque  ma- 
terial drains  from  the  duodenal  fistula  at  the  junction  of  the  second  and  third  portions 
towards  the  right  flank  (along  arrows)  and  into  a  cavity  adjacent  to  the  cecum  in  the 
right  lower  quadrant  (arrow  A). 

diiiiini.-^lied  I'uitlier  and  finally  ceased  altogether.  A  final  barium  meal  ex- 
amination confirmed  the  duodenal  closure  without  obstruction. 

DISCUSSION 

Safety  experts  agree  that  seat  belts  increase  the  wearer's  chances  of  sur- 
viving an  automobile  accident  and  reduce  the  incidence  of  major  injuries. 
However,  it  has  become  evident  that  some  injuries  can  be  directly  attributed 
to  the  seat  belt  itself.  When  the  seat  belt  is  properly  applied,  it  should  cross  the 
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lower  abdomen  and  bear  on  both  sides  of  the  pelvis  near  the  anterior  superior 
iliac  spines.  If  a  severe  force  is  generated,  the  pelvis  bears  the  strain  and 
may  actually  be  fractured  (1).  Of  greater  interest  is  the  result  of  inijjroper 
seat  bolt  application.  There  is  a  tendency  to  cinch  the  belt  across  the  mid 
or  upper  abdomen  and  bear  on  the  lower  ribs  or  flanks  rather  than  the 
pelvis.  In  this  case,  the  abdomen  itself  absorbs  the  force  of  impact  and  severe 
intra-abdominal  injury  may  result.  In  Case  No.  263,  the  hematoma  of  the 
abdominal  wall  to  the  right  of  the  midline  at  the  level  of  the  umbilicus  is  the 
telltale  mark  of  improper  belt  application,  as  has  been  pointed  out  by  previous 
authors  (1,  2,  3,  4).  The  details  in  Case  No.  262  as  regards  belt  application 
and  the  condition  of  the  abdominal  wall  on  admission  are  not  available. 
Parenthetically,  a  lap-shoulder  device  has  been  advocated  as  an  improvement 
in  belt  design  which  might  avert  this  type  of  abdominal  injury  (3,  4,  5) . 

The  various  possible  mechanisms  of  injury  in  ruptured  bowel  due  to  blunt 
abdominal  trauma  have  been  analyzed  and  evaluated  (6,  7,  8,  9).  As  regards 
the  duodenum,  Cocke  and  Meyer  (6)  list  three  possible  mechanisms:  crush 
against  the  vertebra,  shearing  or  tangential  force  applied  to  the  duodenum  in 
its  relatively  fixed  retroperitoneal  location,  and  a  closed  loop  mechanism. 
The  latter  mechanism  requires  a  gas  filled  duodenum,  a  closed  pylorus  and  a 
contracted  fibromuscular  ligament  of  Treitz  with  an  acutely  flexed  duodenal- 
jejunal  junction.  They  found  no  anatomical  evidence  supporting  the  first 
two  mechanisms  in  their  material  (48  collected  cases)  and  suggest  the  closed 
loop  mechanism  as  the  most  important  as  regards  duodenal  injury.  In  Case 
No.  263,  however,  the  rent  in  the  mesentery  found  adjacent  to  the  duodenal 
rupture  suggests  that  the  tangential  or  shearing  mechanism  may  have  operated 
in  this  case.  As  regards  the  small  bowel,  Williams  and  Sargent  (8)  present 
ingenious  experimental  evidence  in  support  of  compression  against  the  verte- 
bral column  as  the  most  important  mechanism  of  injury.  The  spinal  injuries 
in  Case  No.  262  and  the  near-midline  location  of  the  perforation  support 
this  thesis. 

Almost  all  duodenal  ruptures  are  retroperitoneal  in  location.  Initial  roentgen 
signs  most  often  are  bubbles  or  other  collections  of  air  in  the  retroperitoneal 
tissues,  extending  to  the  perirenal  and  psoas  regions,  below  the  diaphragms,  up 
into  the  mediastinum  and  even  into  the  neck  (7).  A  small  percentage  of 
cases  may  show  free  air  (6).  Intramural  hematoma  may  occur  rather  than 
perforation  (10)  and  the  possibility  of  delayed  rupture  must  also  be  l)orne 
in  mind  (6).  Complications  include  fistula,  bowel  obstruction,  abscess  and 
pancreatic  injury.  Mortality  and  morbidity  increase  sharply  when  there  is 
failure  to  recognize  the  perforation  at  the  time  of  initial  surgery.  (7,  11) . 

In  jejunal  and  ileal  perforations,  free  intraperitoneal  air  is  of  course  the 
roentgen  hallmark.  However,  delayed  perforation,  or  walled  off  perforation, 
abscess  formation,  adhesions  and  obstruction  may  also  occur,  as  illustrated 
by  Case  No.  262. 

Case  Report:  Traumatic  rupture  of  the  duodenum  occurring  with  the  use 
OF  a  seat  belt. 
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CASE  NO.  264 

A  6  year  old  boy  was  admitted  to  the  hospital  for  an  elective  right  ne- 
phrectomy. Four  months  ]irior  to  admission  he  was  admitted  to  another  in- 
stitution following  a  fall  from  a  tree.  A  fracture  of  the  left  wrist  was  diag- 
nosed but  in  addition  the  patient  complained  of  pain  in  the  left  flank.  Gross 
hematuria  was  present  and  a  diagnosis  of  contusion  of  the  left  kidney  was 
advanced.  Intravenous  urogram  revealed  no  abnormality  on  the  left  but  a 
marked  hydroncjihrosis  was  seen  on  the  right.  Hematuria  ceased  on  conserva- 
tive therapy.  Pre^•ious  history  was  entirely  non-contributory. 

On  admission,  routine  blood  count,  urinalysis  and  BUN  were  normal.  Blood 
pressure  of  118/80  was  recorded.  Intravenous  urogram  was  performed.  A 
film  made  3  minutes  after  injection  (Fig.  1)  revealed  some  opaque  material  in 
markedly  dilated  internal  collecting  structures  of  the  right  kidney.  A  very  fine 
smooth  line  of  increased  density  rimmed  the  dilated  structures  in  many  areas. 
The  line  could  still  be  seen  on  a  film  made  8  minutes  after  injection.  A  film 
made  20  minutes  after  injection  (Fig.  2)  revealed  complete  filling  of  the  mark- 
edly dilated  internal  collecting  system.  The  fine  line  was  no  longer  seen.  The 
thickness  of  the  renal  cortex  could  be  identified  in  many  areas  and  measured 
approximately  4  to  f>  mm.  The  right  ureter  was  never  filled.  The  left  kidney 
showed  no  gross  abnormality.  A  fine  regular  rijipling  to  the  mucosa  of  the  left 
renal  pelvis  was  noted.  The  diagnosis  was  advanced  of  right  ureterojielvic 
obstruction  and  proximal  hydronephrosis. 

Right  nephrectomy  was  performed.  No  unusual  anatomy  was  noted  about 
the  renal  hilum.  Gross  jiathological  examination  showed  hydronephrosis  with 
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smooth  ('pit licliiil  sui'l'accs  cxccpl  near  llic  iiictci'opchic  juiicH(in  where;  there 
were  sonic  vertical  striatioiis  to  thr  mucosal  folds.  The  junction  itself  was 
quite  narrow  Init  a  |)rol)c  j)asse(l  easily.  No  gross  valves  wei'c  seen.  Histologic 
examination  of  l()n<i;itu(linal  sections  made  through  the  ureteropelvic  junction 
revealed  a  somewhat  corrugated  surface  with  microscojjic  valve-like  pro- 
jections. Histologic  examination  of  sections  of  the  renal  cortex  showed  overall 


Case  264,  Fig.  1.  Abdominal  film  made  3  minutes  after  the  injection  of  opaque 
material  reveals  some  opacification  of  the  markedly  dilated  right  internal  collecting 
system.  A  very  smooth  line  of  increased  density  rims  the  dilated  structures  in  many 
areas  (along  arrows).  A  finely  rippled  appearance  to  the  mucosa  in  the  left  renal 
pelvis  can  barely  be  seen,  but  the  left  side  is  otherwise  normal. 

thinning  but  the  glomeruli  and  tubules  were  well  preserved.  There  was  no 
evidence  of  inflammation  or  scarring. 

The  patient  made  an  uneventful  recovery.  The  blood  pressure  remained  at 
approximately  120/80  until  the  fourth  post-operative  day  when  it  was  re- 
corded as  106/66. 

DISCUSSION 

Various  observers  have  previously  rejiorted  examples  of  the  "crescent  sign," 
a  thin  rim  of  increased  density  seen  during  intravenous  urography  which  out- 
lines a  hydronephrotic  sac  (1,  2,  3,  4).  In  the  previously  reported  cases,  it  would 
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Case  264,  Fig.  2.  Abdominal  film  made  20  minutes  after  the  injection  of  opaque 
material  reveals  dense  and  complete  opacification  of  the  hydronephrotic  right  internal 
collecting  system.  The  ureter  is  not  visualized. 

appeal'  as  if  the  crescent  represents  a  nejjhrogram  of  the  entire  residual  thick- 
ness of  the  markedly  attenuated  renal  cortex.  In  the  case  presented,  the  ex- 
quisitely thin  crescent  is  contrasted  with  the  measurable  4  to  5  mm  thickness 
of  the  cortex.  This  aiijiearance  I'atlicr  suggests  a  relationship  to  the  fine  rim  of 
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opaque  material  which  surrounds  a  honi<i;n  renal  cyst  frequently  seen  during 
nephrotomograjiliy.  The  anatomical  basis  is  a  thin  layer  of  compressed  and 
reoriented  renal  collecting  tubules.  A  relatively  large  quantity  of  injected 
opaque  material  is  probably  essential  for  its  demonstration.  (The  exact  quan- 
tity of  opa(]ue  material  injected  was  not  documented  in  this  case  but  was  most 
likely  20  to  25  cc.) 

The  demonstration  of  microscopic  nuicosal  valves  with  longitudinal  sections 
taken  through  the  ureteropelvic  junction  has  i^i-eviously  been  reported  in  cases 
of  congenital  ureteropelvic  obstruction  (5) .  Whether  or  not  they  represent  the 
anatomical  basis  for  the  obstruction  is  not  detci'mined. 

The  rippled  appearance  to  the  mucosa  of  the  left  renal  jjelvis  is  a  finding  said 
to  be  associated  with  infection.  However,  there  is  no  evidence  for  infection  in 
this  case  and  the  finding  is  therefore  picsumed  to  represent  an  anatomical  vari- 
ation. 

The  significance  of  the  blood  pressure  elevation  in  this  case  is  also  not  deter- 
mined. 

Case  Report:  Congenital  unilateral  hydronephrosis  due  to  ureteropel- 
vic OBSTRUCTION  AND  AN  UNUSUAL  "CRESCENT  SIGN." 
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CASE  NO.  265 

A  58  year  old  male  was  admitted  to  the  hospital  with  a  one  week  history  of 
dysphasia,  retrosternal  discomfort  and  heartburn.  There  was  no  associated 
nausea  or  vomiting.  No  anorexia  or  weight  loss  were  noted. 

Physical  examination  was  non-contributory,  and  the  lalwi'atory  studies  were 
normal. 

Barium  meal  examination  levealed  a  .'^mall  hiatu.<  hernia  with  no  regurgita- 
tion or  esophagitis.  There  was  a  3  by  V.A,  cm  diametei-,  mushroom-shaped  di- 
verticulum arising  from  the  mid  portion  of  the  greater  curvature  along  its  ver- 
tical segment  (Figs.  lA  and  B).  The  neck  of  the  diverticulum  measured  1  cm  in 
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(liaiiu'tiT  ( lictwccii  ai'i'owsl.  It  fillcil  and  I'lnpticd  well,  and  llicrc  was  no  evi- 
dence of  retained  material  within  tiie  diverticulum.  Some  incieased  secretions 
were  seen  in  the  upright  jjosition  with  layering  of  fluid  above  the  barium  col- 
umn. No  ulcerations  were  noted  within  the  diverticulum.  The  remainder  of 
the  stomach  a])|)<'ai'cd  iioi'iiial. 

ni.scussiON 

Gastric  diverticula  are  most  conunonly  noted  near  the  cartlia,  higli  up  in  the 
posterior  aspect  of  the  lesser  curvature  of  the  stomach.  They  are  rarely  larger 
than  3  cm  in  size  and  are  almost  always  asymptomatic.  On  occasion,  I'ctained 
secretions  and  food  particles  can  be  seen  within  them.  Few  well  substantiated 
cases  have  been  described  with  ulcerations  and  hemorrhage.  Most  of  the  di- 
verticula of  the  stomach  are  thought  to  be  of  a  congenital  type,  so  called  true 
diverticula,  with  all  muscle  layers  included  within  their  wall.  Review  of  the 
literature  states  that  only  very  few  gastric  diverticula  are  ever  found  along  the 
greater  curvature,  and  no  x-ray  demonstrations  of  any  of  the  cases  were  noted 
in  review  of  the  recent  literature.  In  the  above  case,  the  hiatus  hernia  was 
probably  responsible  for  the  patient's  symptoms,  and  the  diverticulum  was  of 
incidental  significance. 

The  differential  diagnosis  of  all  gastric  diverticula  rests  with  ulcerations  of 
the  stomach.  In  order  to  diagnose  a  diverticulum,  one  must  outline  a  distinct 
neck  within  which  one  can  distinguish  regular  folds  continuous  with  the  rugal 
pattern.  The  outlines  of  the  body  of  the  diverticulum  are  smooth  and  the  out- 
pouching usually  fills  and  empties  during  the  course  of  the  examination.  With 
an  ulcer  on  the  other  hand,  the  gastric  folds  stop  at  the  neck  and  do  not  enter 
the  niche.  The  ulcer  is  often  slightly  irregular  in  contour  with  amorphous  bar- 
ium filling  it.  The  ulcer  does  not  show  any  intrinsic  ability  to  fill  and  empty. 
Often  considerable  spasm  is  noted  in  the  region  of  the  gastric  ulcer. 

Case  Report:  Gastric  diverticulum  along  the  greater  curvature. 
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Case  265,  Fig.  lA.  There  is  a  3  by  1 '  _»  cm  mushroom-shaped  diverticulum  along 
the  greater  curvature  of  the  stomach.  This  is  well  seen  in  this  upright  right  anterior 
oblique  viev^  where  there  is  also  some  layering  of  fluid  and  air  above  the  barium  level. 
The  diverticulum  is  noted  to  fill  and  empty  quickly.  No  solid  material  is  noted  within 
the  diverticulum.  The  neck  of  the  diverticulum  is  noted  to  measure  about  1  cm  in  diameter 
(between  arrows). 

Case  265,  Fig.  IB.  Examination  in  the  left  posterior  oblique  projection  reveals  air 
outlining  the  gastric  folds  within  the  neck  of  the  diverticulum  (between  arrows).  Air 
rises  into  the  diverticulum  which  is  noted  to  be  situated  relatively  anteriorly  along  the 
greater  curvature. 
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CASE  NO.  266 

A  25  yoai-  old  female  was  admitted  to  the  hospital  with  a  24  hour  history 
of  seA'cre  upper  epigastric  pain  and  vomiting.  The  patient  had  noted  a  tem- 
perature elevation  for  three  days  before  admission.  There  was  no  accompany- 
ing jaundice,  anorexia  or  weight  loss.  Previous  to  this  acute  episode,  the  patient 
had  no  gastrointestinal  symptoms  and  felt  entirely  well. 

Physical  examination  revealed  an  acutely  ill  patient  complaining  of  severe 
upper  epigastric  pain  which  was  aggravated  by  deep  breathing.  There  was 
tenderness  and  guarding  in  the  right  upper  quadrant.  Temperature  was  101  °F. 
There  was  no  evidence  of  scleral  icterus. 

Examination  of  the  abdomen  revealed  a  firm,  globular,  slightly  tender 
smooth  mass  extending  from  the  mid  costal  margin  on  the  left  side  to  the  mid 
clavicular  line  on  the  right  side.  In  order  to  rule  out  the  possibility  of  acute 
cholecystitis  or  hydroi:)s  of  the  gallbladder,  an  intravenous  cholangiogram 
was  performed  which  revealed  the  following:  the  gallbladder  was  seen  to  fill 
moderately  well  and  revealed  no  gross  abnormalities;  the  intrahepatic  ducts 
(Fig.  lA)  were  normal  in  caliber  and  displaced  downward  and  to  the  right 
(upper  arrows)  ;  the  inferior  portion  of  the  common  bile  duct  was  also  dis- 
placed downward  and  laterally  by  a  mass  in  the  mid  portion  of  the  liver 
(lower  arrows  Fig.  IB). 

Because  of  the  finding  of  the  mass  and  the  acute  febrile  illness,  laparotomy 
was  performed  to  rule  out  the  possibility  of  a  liver  abscess.  An  upper  para- 
median incision  extending  into  a  right  anterior  thoracotomy  approach  was 
performed.  This  revealed  a  20  cm  in  diameter  highly  vascular  mass  occupying 
the  right  lobe  of  the  liver.  Needle  biopsy  produced  a  large  amount  of  necrotic 
yellow-green  material  which,  on  frozen  section,  was  noted  to  be  a  hepatoma. 
Because  of  this  and  the  absence  of  other  pathology,  a  partial  hepatectomy 
was  performed  with  removal  of  60  to  65  percent  of  the  right  lobe  of  the  liver. 
Permanent  histologic  sections  confirmed  the  presence  of  a  hepatoma.  The 
patient  tolerated  the  surgery  well  and  was  noted  to  have  no  complaint  in  the 
postoperative  period. 

Case  266,  Fig.  lA.  Antero-posterior  view  of  the  abdomen  during  the  course  of 
intravenous  cholangiography  reveals  the  gallbladder  to  be  moderately  well  filled 
with  contrast  medium.  It  is  normal  in  size  and  position. 

The  intrahepatic  bile  ducts  are  displaced  downward  and  to  the  right  (along  upper 
arrows)  by  a  mass  situated  in  the  mid  portion  of  the  liver  above  and  to  the  left  of 
these  ducts.  The  distal  portion  of  the  common  bile  duct  is  also  displaced  downwards 
(lower  arrow)  by  the  above  described  mass. 

Case  266,  Fig.  IB.  Tomographic  section  in  the  frontal  projection  reveals  the  distal 
inch  of  the  common  bile  duct  to  be  normal  in  position  as  it  traverses  the  intramural 
portion  of  the  duodenum  (between  arrows).  The  more  proximal  portions  of  the  common 
bile  duct  as  well  as  the  intrahepatic  duct  are  again  seen  to  be  displaced  downwards 
and  to  the  left  by  the  mass  within  the  liver. 


Case  266,  Fig.  1 
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DISCUSSION 

This  case  is  presented  in  order  to  demonstrate  the  vahie  of  careful  scrutiniza- 
tion  of  the  distribution  of  the  intrahepatic  ducts  wlien  performing  intravenous 
cholangiograpliy.  There  was  an  ob\-ious  extrinsic  disjjhicement  of  the  intra- 
hepatic branches  by  a  mass  in  the  mid  i)ortion  of  the  liver  (Figs.  lA  and  B). 
The  lowermost  ]3ortion  of  the  connnon  bile  duct  was  normal  in  course  and 
caliber  as  it  entered  the  wall  of  the  duodenum,  but  its  upper  portion  was  also 
displaced  by  the  mass.  This  implied  a  large  hepatic  mass  with  some  compres- 
sion at  the  porta  hepatis.  Similar  displacements  of  intrahepatic  structures 
are  well  known  when  performing  splenoportogram,  but  have  rarely  been 
described  in  intravenous  cholangiography- 

Case  Report:  Hepatoma  demonstrated  by  displacement  of  biliary  ducts 

DURING  intravenous  CHOLANGIOGRAPHY. 

Received  jur  publication  April  15,  1966. 
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MLCKRATIVK  AND  (IRANULOMATOUS  COLITIS:  A  FOREWORD 

This  exliausive  study  and  dct.aik'd  illustration  of  the  radiograi)hic  features  of 
the  major  inflammatory  disorders  of  the  colon  by  Drs.  Marshak  and  Lindner 
will,  I  believe,  contribute  enormously  to  our  sorting  out  of  this  baffling  group 
of  disease's. 

Although  the  modern  study  of  the  non-specific  colonic  inflammation  of  mi- 
known  origin  was  initiated  more  than  a  hundred  years  ago,  no  group  of  ill- 
nesses still  requires  more  sorting  out.  Samuel  Wilks  of  Guy's  Hospital  gave 
in  1859  the  first  modern  description  of  ulcerative  colitis:  "I  think,  then,  we  must 
not  use  the  term  colitis,  as  some  do,  as  synonymous  with  dysentery ;  the  latter 
being,  in  fact,  only  one  variety  of  colitis. .  .  .  There  are  cases  probably,  however, 
of  simple  idioi)athic  colitis,  though  rare,  and  which  may,  indeed,  be  examples 
of  acute  dysentery;  but  such,  in  the  absence  of  those  peculiar  features  which 
are  supposed  to  characterize  that  disease,  can  hardly  receive  the  name;  thus, 
for  example,  we  have  seen  a  case  attended  by  discharge  of  mucus  and  blood 
where,  after  death,  the  whole  internal  surface  of  colon  presented  a  highly  vas- 
cular, soft,  red  surface,  covered  with  tenacious  mucus  or  adherent  lymph,  and 
here  and  there  a  few  minute  points  of  ulceration;  and  the  coats,  also,  much 
swollen  by  exudation  into  the  mucous  and  submucous  tissues"  (1) .  Moxon  added 
to  this  description  in  1875,  "In  other  examples  there  has  been  extensive  ulcer- 
ation, commencing  in  the  follicles,  and  spreading  from  them  to  destroy  the  tis- 
sue around,  thus  producing  a  ragged  ulcerated  surface"  (2). 

The  other  strand  which  the  present  authors  have  been  disentangling  from 
ulcerative  colitis  is  the  intriguing  one  of  granulomatous  colitis;  the  emergence  of 
the  latter  as  a  separate  entity  is  a  recent  story.  The  physicians  of  this  hospital 
have  long  been  interested  in  this  curious  type  of  inflammatory  reaction  of  the 
bowel.  Indeed,  two  years  after  Drs.  Crohn,  Ginzburg  and  Oppenheimer  de- 
scribed their  first  patients  with  regional  ileitis  (3) ,  Colp  reported  in  1934  "a  case 
of  non-specific  granuloma  of  the  terminal  ileum  and  cecum"  (4).  Descriptions 
of  involvement  of  all  areas  of  the  small  bowel  by  this  pathologic  process  fol- 
lowed rapidly,  but  it  was  not  until  1952  that  Wells  (5)  emphasized  that  the  colon 
alone  could  be  the  seat  of  a  similar  process.  While  Marshak  in  1956  (6)  and 
Brooke  in  1959  (7)  called  attention  to  the  colonic  aspects  of  granulomatous  en- 
teritis, the  great  surge  of  modern  interest  dates  from  the  papers  of  Lockhart- 
Mummery  and  Morson  (8)  who  wrote  on  "regional  enteritis  of  the  large  intes- 
tine and  its  distinction  from  ulcerative  colitis." 

To  this  distinction  the  present  study  with  its  wealth  of  radiologic  detail  and 
pathologic  correlation  lends  great  weight.  The  dispassionate  observer  must  con- 
clude, pending  the  discovery  of  their  etiologic  agents,  that  these  two  disorders  of 
the  colon  are  distinct,  but  he  would  add  that  there  probably  exist  other  entities 
which  need  sorting  out  as  well.  It  may  be  both  interesting  and  salutary  for 
the  reader  to  be  reminded  that  Wilks  anrl  Moxon  were  aware  of  the  granulo- 
matous variety  of  inflammation  of  the  intestine.  They  wrote,  "We  have  met 
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several  times  with  severe  local  acute  ileitis  in  the  shape  of  a  thickening  of  the 
whole  of  the  coats,  including  the  valvulae  conniventcs  which  stood  out  stiffly, 
while  the  whole  wall  was  thick  with  inflammatory  lymph,  the  microscope  show- 
ing a  generalized  charging  of  the  whole  tissue  with  pyroid  corpuscles.  This  con- 
dition was  found  in  a  circumscribed  patch  of  from  six  inches  to  two  or  three 
feet"  (9)*.  It  is  thus  appropriate  that  Drs.  Marshak  and  Lindner  should  have 
contrasted  so  vividly  these  separated  entities. 

Henry  D.  Janowitz,  M.D. 

New  York,  N.  Y. 
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For  many  years  the  finding  of  nonspecific  inflammatory  disease  of  the  large 
bowel  was  equivalent  to  a  diagnosis  of  ulcerative  colitis.  In  recent  years  it  has 
become  apparent  that  the  granulomatous  process,  which  in  the  small  bowel  is 
known  as  regional  enteritis,  can  also  involve  the  colon.  Thus  the  differential 
diagnosis  of  nonspecific  inflammation  of  the  colon  rests  between  ulcerative  and 
granulomatous  colitis.  The  etiology  of  both  diseases  remains  unknown.  As  a 
rule  it  is  possible  to  distinguish  the  two  entities  on  the  basis  of  their  clinical, 
roentgen  and  pathological  characteristics,  but  at  times  features  are  mixed  or 
intermediate  and  it  is  not  possible  to  make  a  clear-cut  distinction  by  present 
criteria.  In  such  cases  further  observation  will  usually  clarify  this  diagnosis. 
When  a  definite  diagnosis  cannot  be  made,  we  prefer  to  classify  the  case  for  the 
time  being,  "Colitis,  type  unknown,"  with  a  description  of  the  salient  features 
rather  than  to  force  the  case  into  either  category  or  to  add  intermediate  classi- 
fications. Although  some  common  etiology  may  in  time  become  apparent,  it 
seems  to  us  that  ulcerative  and  granulomatous  disease  represent  distinct  enti- 
ties and  that  subsequent  investigation  will  more  likely  be  advanced  by  main- 
taining the  two  groups  separate  than  by  attempting  to  unify  them. 

ULCERATIVE  COLITIS 

Characteristic  findings  in  patients  with  ulcerative  colitis  are  fever,  abdomi- 
nal cramps  and  diarrhea  with  blood  in  the  stool.  At  times  constipation  rather 
than  diarrhea  may  occur.  In  many  patients  the  onset  is  insidious  with  vague 
abdominal  complaints  and  gradual  change  in  the  frequency  and  character  of 
stools.  In  others  the  onset  is  abrupt  with  fever,  abdominal  pain  and  bloody 
diarrhea  becoming  rapidly  more  severe  over  a  period  of  days  or  weeks.  In  a  few 
patients  the  inception  is  explosive  with  high  fever,  systemic  toxicity,  severe 
diarrhea  and  electrolyte  depletion  or  hemorrhage.  Gross  blood  in  the  stool  is 
characteristic  and  may  precede  the  onset  of  diarrhea.  Perianal  fistulas  and 
anorectal  disease  occur  in  some  patients  with  ulcerative  colitis,  but  they  are 
not  characteristic  findings.  Extracolonic  manifestations,  including  arthritis, 
uveitis  and  such  skin  changes  as  erythema  nodosum  or  pyoderma  gangrenosum 
may  occur.  Ulcerative  colitis  as  a  rule  involves  the  rectum,  even  when  the  rest 
of  the  colon  is  spared ;  thus  sigmoidoscopy  can  be  expected  to  provide  positive 
diagnostic  findings  of  granularity,  friability  and  ulceration  with  blood  and  exu- 
date in  the  lumen.  Toxic  dilatation  of  the  colon  and  free  perforation  into  the 
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pci'itoiu'al  cavity  arc  dread  coiiiplicatioiis  of  ulccratix'c  colitis.  ( 'afciiioma  of 
tlic  colon  is  a  not  infrequent  setjuel  to  chronic  ulcerative  colitis. 

The  course  of  ulcerative  colitis  is  variable.  In  some  patients  with  mild  disease 
the  clinical  and  sigmoidoscopic  findings  subside.  In  most  patients,  however,  the 
disease  becomes  chronic  with  periodic  cHnical  exacerbations  and  remissions. 
Medical  treatment  includes  dietary  manipulations,  antispasmodics,  antidiar- 
rheal  agents,  blood  transfusions,  insoluble  sulfa  drugs,  Azulfidine  and  corticos- 


Fifi.  1.  Universal  ulcerative  colitis.  Entire  colon  is  spastic  and  irritable.  Contour  of 
bowel  is  hazy  due  to  an  inflammatory  exudate.  Small  indistinct  ulcers  extend  from  con- 
tour of  transverse  colon.  The  left  side  is  incompletely  filled  (simulating  a  string  sign) 
due  to  marked  .spasm  accompanying  the  iiill.iiiiiii,itor\'  process. 

Fig.  2.  Same  case  as  Fig.  1.  after  evacimi khi.  Muco.sal  folds  are  hazy  and  thickened  in 
a  symmetrical  fashion.  In  contrast  to  granulomatous  colitis,  there  is  no  evidence  of 
nodularity  or  irregularity  of  the  contour. 


teroids;  all  of  these  are  useful  m  managing  symptoms  and  perhaps  in  inducing 
remissions,  but  there  is  no  convincing  evidence  thus  far  that  medical  treatment 
alters  the  natural  history  of  the  disease.  About  20  to  30  per  cent  of  the  patients 
sick  enough  to  be  hospitalized  are  ultimately  treated  surgically  with  colectomy 
and  either  ileostomy  or  ileoproctostomy.  In  those  not  operated  upon,  the  dis- 
ease may  become  quiescent  or  burnt-out  after  years  of  intermittent  activity. 

On  pathological  examination  the  colon  displays  features  of  an  exudative  in- 
flammation which  involves  primarily  the  mucosa,  secondarily  the  submucosa 
and  only  occasionally  the  muscularis.  Tlic  bowel  wall  is  thin  or  of  normal 
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Fig.  3.  Universal  ulcerative  colitis.  Right  side  of  colon  is  so  spastic  and  irritable  that 
complete  filling  was  not  obtained.  The  folds  are  thickened,  with  tiny  ulcerations  extend- 
ing from  contour.  Because  of  over-filling  of  left  side  of  colon,  the  inflammatory  process  in 
this  region  can  easilv  be  missed. 

Fig.  4.  Same  case  as  Fig.  3,  after  evacuation.  Involvement  of  the  entire  colon  is  now 
better  visualized.  The  folds  are  thickened  throughout  and  maintain  a  symmetrical  pattern. 
Extent  of  in\'ol\-einent  in  inflammatorv  disease  is  often  best  determined  on  the  evacuation 
film. 
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thickness;  however,  ('dciiKi,  jiccuiinilat ion  of  I'at  iiiul  liy|)crl lopliy  of  musdc  duo 
to  inflammation  may  create  the  impression  of  a  tiiickened  bowel.  Ulec'i-ations 
are  shallow  and  coalesce,  leaving  islands  of  mucosa  as  irregular  tags,  called 
pseudopolyps.  The  classical  form  of  ulcci'alive  ccjlitis  imolves  the  entire  colon. 
Often,  however,  the  process  is  segmental.  In  such  cases,  the  rectum  alone  is 
usually  involved  or  the  entire  left  side  of  the  bowel  is  diseased.  Segmental 
forms  of  ulcerative  colitis  without  disease  of  the  rectum  are  uncommon.  The 
diseased  areas  of  bowel  are  contimious  without  int('r\-ening  ai'cas  of  normal 


Fig.  5.  Universal  ulcerative  colitis.  Moderate  degree  of  narrowing  and  rigidity  associ- 
ated with  numerous  inflammatory  polyps  and  ulceration.  The  barium  incidentally  present 
in  stomach  was  given  by  mouth. 

bowel,  and  involvement  of  the  gut  wall  is  circumferential  and  symmetrical.  In 
some  cases  of  universal  ulcerative  colitis,  the  terminal  ileum  displays  a  super- 
ficial mucosal  inflammation  which  is  termed  "backwash  ileitis." 

Histological  examination  of  the  colon  confirms  the  exudative  nature  of  the 
disease,  with  exudate  and  edema  as  prominent  features  which  involve  espe- 
cially the  mucosa.  Occasional  foreign  body  giant  cells  are  noted,  but  granuloma 
systems  are  not  identified.  With  time,  fibrosis  occurs  within  the  bowel  wall  and 
the  colon  becomes  distorted,  rigid  and  shortened.  The  lumen  narrows  and  stric- 
tures may  form.  Regional  lymph  nodes  may  be  enlarged  and  on  section  show 
nonspecific  inflammation. 
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Roentgen  Fcdtiircs  of  {'Icenitire  Colitis 

Acute  Stage 

The  roentgen  findings  are  secondary  to  three  factors:  edema,  ulceration,  and 
altei'ations  in  the  motiHty  of  the  bowel.  There  is  a  variable  roentgen  pattern, 
depending  on  whether  the  disease  process  is  mild,  moderate,  or  fulminant  in 


Fig.  7.  Universal  ulcerative  colitis;  spot  film  of  distal  transverse  colon.  There  are  nu- 
merous tiny,  hazy,  indistinct  ulcerations  along  contour  of  bowel.  Similar  tiny  flecks  of 
barium  are  identified  within  hunen  of  the  colon. 
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charaotor.  Inflammation  |)r()(lu('('s  motility  ('hanp;o!s  characterized  by  spasm  and 
irritability  (Fig  1-4).  Because  of  this  spasm,  narrowing  and  incomplete  filling 
are  frequent  and  in  some  areas  the  bowel  is  so  attemiatcd  that  a  "string  sign"  is 
simulated  (P^ig  1).  Considerable  secretions  are  jjresent  within  the  bowel  lumen 
as  a  conseciuence  of  the  edema,  mucus,  l)lood  and  exudate.  The  usual  homoge- 


FiG.  8.  riiivnsal  ulcerati\e  colitis;  .spot  film  of  tran.sver.se  colon  e\'acuation  film.  There 
is  thickening,  distortion.  hazines.s  of  the  muco.«al  folds  and  numerous  tiny  ulcerations.  This 
type  of  ulceration  is  typical  of  ulcerative  colitis. 

neous-appearing  barium  mixture  therefore  has  a  granular,  flocculant  quality 
(Fig  6).  Ulcerations  are  tiny  and  difficult  to  identify  and  are  recognized  either 
as  serrations  along  the  contour  of  the  filled  l)owel  (Fig  7)  or  after  evacuation 
as  small  spicules  extending  from  the  mucosa  (Fig  8).  It  should  he  noted,  how- 
ever, that  serrations  along  the  contour  of  the  bowel  may  at  times  be  seen  nor- 
mally, perhaj^s  due  to  barium  penetration  in  colonic  glands.  These  are  sharply 
defined  and  have  a  symmetrical,  regular,  uniform  appearance  (Fig  9).  Ulcera- 
tions, in  contra.st,  are  hazy,  less  symmetrical  and  less  uniform. 
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In  the  more  acute  or  fulminant  phase  of  this  disease,  the  l)Owel  contour  ap- 
pears obviously  hazy.  The  fuzziness  is  due  to  excessive  mucus  and  ulcerations. 
When  the  ulcerations  are  more  marked  (Fig  lOA,  lOB ;  11  A,  IIB) ,  the  fuzziness 
is  replaced  by  an  irregular,  serrated  Iwrder,  sometimes  appearing  as  collar- 
button  like  projections  as  the  ulcerations  penetrate  and  become  confluent.  In 


Fig.  9.  Spicules,  in  a  normal  bowel.  In  an  occa.sional  normal  patient,  tiny  spiciile.s  mimick- 
ing ulceration.s  are  identified.  Normal  spicules  are  more  symmetrical  and  sharply  defined 
than  ulcerations. 

some  cases  the  contours  are  grossly  ragged  and  irregular.  As  ulceration  pro- 
ceeds, the  edematous  mucosa  produces  an  appearance  ^vhich  has  been  called 
pseudopolyposis  (Fig  5).  Rarely  localized  pneumatosis  coli  may  be  recognized 
in  an  area  of  intense  ulceration. 

The  mucosal  pattern  is  best  recognized  on  the  evacuation  film.  The  folds 
are  thickened,  hazy  and  associated  with  increased  secretions.  The  pattern  is 
regular  and  symmetrical  and  appears  coarsely  reticular  (Fig  2,  4,  8,  llA,  IIB). 
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Frequently  miinciDUs  (iiiy,  indistinct  ulcci'at  ions  pi'ojcct  in<2;  I'loni  the  t  liickcncil 
folds  are  identified.  W  hen  these  pioject ions  have  a  very  syniniel lieal  and  uni- 
form appearanee,  the  possibility  that  they  ai'e  also  due  to  a  inixtui'e  of  bai'ium 
and  mucus  should  he  considercil.  When  the  cilema  is  more  pronnnent,  the  mu- 
cosal folds  become  swollen  and  show  a  coarsely  granulai-  appearance.  The 


Fig.  lOA.  Universal  ulcerative  colitis  with  backwash  ileitis.  Minimal  degree  of  narrowing 
and  rigidity  of  entire  large  bowel  associated  with  absent  and  irregular  haustral  markings. 
There  is  a  distinct  fuzziness  along  the  contours  of  the  descending  colon  and  transverse 
colon  because  of  numerous  tiny  ulcerations.  Terminal  ileum  is  slightly  narrowed  and  rigid 
secondary  to  backwash  ileitis. 

Fig.  lOB.  Same  case  as  Fig.  lOA,  spot  film  of  descending  colon.  The  fuzziness  of  the 
contour  of  bowel  is  again  seen.  Some  of  the  ulcerations  appear  as  collar-button  projections. 

edematous  and  inflamed  mucosa  forms  symmetrical  defects  along  the  contour, 
which  have  been  referred  to  as  thumb  printing  (Fig  12) . 

Subacute  Stage 

In  the  subacute  stage,  further  roentgen  features  supervene  due  to  continued 
ulcerations,  beginning  fibrosis,  and  mucosal  regeneration.  The  mucosa  assumes 
a  more  nodular  appearance  and  the  polypoid  pattern  becomes  more  prominent. 
The  inflammatory  polyps  are  usually  small  and  uniform  in  appearance  (Fig 
5,  13,  14,  15).  They  may,  however,  be  large,  scattered  and  irregular.  Tiny  radio- 
lucent  defects  which  appear  comma-shaped  between  the  larger  polypoid  lesions 
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are  proliahly  diu'  to  tlic  pedicles.  Areas  of  more  intense  ulceration  produce 
marked  iri-e<i;ularity  of  the  contours  which  sinudate  a  neoplasm,  especially 
when  distiil)uted  over  a  short  segment.  As  a  rule,  the  symmetrical  appearance 
described  previously  is  maintained.  In  minimal  cases  the  haustral  pattern  may 
be  unaff'ectetl.  More  often  the  haustra  are  distorted  and  irregular  and  are  asso- 
ciated with  some  degree  of  rigidity.  In  the  subacute  stage  these  findings  become 
nioie  e\'i(lent  because  of  the  continuing  inflammatory  process  and  the  more 
marked  narrowing  of  the  lumen  dvie  to  I'igidity. 


Fig.  IIA.  Same  case  as  Fig.  lOA,  postevacuation.  Mucosa  throughout  the  bowel  is 
thickened.  There  is  more  narrowing  and  rigidity  of  terminal  ileum  than  is  usually  seen  in 
backwasfi  ileitis. 

Fig.  IIB.  Same  case  as  Fig.  10 A,  spot  film  of  splenic  flexure.  Symmetrical  thickening  of 
mucosal  folds  associated  with  numerous  tiny  ulcerations. 

Sinus  tracts  or  fistulae  are  not  a  feature  of  ulcerative  colitis  but  are  common 
in  granulomatous  colitis. 

Chronic  stage 

In  the  chronic  stage,  fibrosis,  epithelial  regeneration,  and  pseudopolyposis 
are  the  prominent  features  (Fig  16  A  and  Bj.  The  result  is  a  shortening  of  the 
bowel,  depression  of  the  flexures,  narrowing  of  the  bowel  lumen  and  rigidity. 
Again,  symmetry  of  involvement  is  conspicuous.  The  contours  are  relatively 
smooth  due  to  fibrosis  and  healing  of  the  ulcerations.  The  haustra  are  absent 
and  the  bowel  has  a  tubular,  rigid  appearance.  The  flexures  may  be  so  con- 
tracted that  a  carcinoma  is  simulated.  At  this  stage  of  the  disease  the  roentgen 
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appearance  usually  remains  fixed  and  unvarying  dcsi)ite  clinical  exacerbation 
oi-  remission.  Tlic  mucosa  reveals  a  marked  degree  of  atrophy  with  evidence  of 
re-epithelialization.  When  roentgenograms  are  made  at  serial  intervals  during 
the  course  of  the  disease,  one  is  astonished  at  the  degree  of  shortening  of  the 
colon  in  the  chronic  stage  of  ulcerative  colitis.  It  is  remarkable  that  in  a  disease 
which  is  primarily  mucosal  cicatrization  and  contraction  are  so  pronounced. 
In  some  i)atients,  in  the  chioiiic  stage,  the  bowel  I'citiains  fairly  distensible 


Fig.  12.  Universal  ulcerative  colitis,  evacuation  film.  Symmetrical  thickening  of  the  folds 
with  multiple  indentures  along  the  contours  which  ha\  e  been  referred  to  as  thumb  printing. 
Granular  quality  of  barium  is  due  to  admixture  of  blood,  pus  and  mucus. 

with  little  shortening  and  absent  haustral  markings  with  no  evidence  of  a  mu- 
cosal pattern.  This  appearance  has  l)cen  referred  to  as  chronic,  burnt-out  ul- 
cerative colitis  (Fig  17). 

An  interesting  feature  in  the  diagnosis,  especially  of  early  oi'  minimal  ulcera- 
tive colitis,  is  the  appearance  of  the  descending  colon.  Normally  this  portion  of 
the  bowel  may  have  no  haustral  pattern  and  because  of  spasm  display  features 
which  can  be  confused  with  inflammatory  changes.  In  the  absence  of  obvious 
features  of  ulcerative  colitis  in  other  segments  of  the  bowel  a  definite  diagnosis 
of  a  lesion  in  tlie  descending  colon  may  be  impossible. 

Extension  of  ulcerative  colitis  with  involvement  of  the  entire  colon  can  occur 
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from  a  process  that  is  initially  limited  to  one  segment.  However,  patients  with 
the  disease  confined  to  the  rectum  or  left  side  of  the  colon  may  not  show  any 
evidence  of  involvement  of  the  remainder  of  the  colon  despite  repeated  obser- 
vations over  a  lon<i  jieriod  of  time. 

Toxic  Dilcitdtion  of  the  Colon 

One  of  the  most  dramatic  and  ominous  episodes  that  may  occur  in  the  course 
of  ulcerative  colitis  is  the  rapid  development  of  striking  colonic  dilatation  (1). 


Fig.  13.  Segmcnt.il  ,>ul)a(nitc  uk'ciatiNc  colitis.  Left  side  of  the  colon  is  involved  with 
ulcerative  colitis,  ch.ir.n  tci ized  by  a  moderate  degree  of  narrowing,  rigidity  and  numerous 
small  inflammatory  polyps.  The  symmetrical  involvement  of  the  contours  is  identified. 
Despite  repeated  examinations  over  a  period  of  many  years  there  has  been  no  extension 
of  the  inflammatory  process. 

This  occurs  in  both  acute  and  chronic  phases  of  the  disease  and  can  be  associ- 
ated with  extreme  toxicity.  A  portion,  or  almost  all,  of  the  diseased  colon  be- 
comes tremendously  dilated.  The  distended,  tender,  silent  abdomen  suggests 
that  the  bowel  is  about  to  jierforatc.  Pathological  examination  at  this  time 
shows  marked  dilatation  and  thinning  of  the  colonic  wall  associated  with  ragged 
ulceration.  Marked  acute  inflammatory  changes  are  noted  in  all  the  coats  of 
the  colon  associated  with  areas  of  necrosis.  There  is  no  evidence  of  organic  ob- 
struction in  the  toxic  dilatation  of  ulcerative  colitis.  The  exact  mechanism  re- 
sponsible for  the  marked  colonic  distention  is  unknown. 
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In  most  of  the  cases  of  toxic  dilatation,  a  simple  film  of  the  abdomen  is  diag- 
nostic and  a  barium  enema  examination  is  unnecessary.  In  the  anterior-pos- 
terior films  of  the  al)domen  taken  with  the  patient  lying  on  his  back,  the  por- 
tion of  colon  most  prominently  distended  is  the  transverse  colon  (Fig  18,  19). 
This  is  in  part  due  to  the  fact  that  with  the  patient  supine  air  in  the  column 


Fig.  14.  Universal  ulcerative  colitis.  Rectum  and  sigmoid  appear  normal.  Remainder  of 
the  bowel  is  involved  with  a  moderately  severe  inflammatory  process  characterized  by 
narrowing,  rigidity,  absent  haustral  markings,  slight  irregularity  of  the  contour  and  nu- 
merous inflammatory  polyps.  On  sigmoidoscopy,  the  rectum  and  lower  sigmoid  were 
minimally  involved.  Because  of  the  normal  roentgen  ,i|ii«':irance  of  the  rectum  and  sig- 
moid there  may  be  difRculty  in  the  diff'crentiation  of  this  t  x  pc  of  case  from  granulomatous 
colitis.  Clinical  features  were  those  of  ulcerative  colitis. 

rises  to  the  highest  segment.  The  distal  descending  colon  and  the  sigmoid  are 
less  frequently  distended.  It  is  uncommon  to  find  distention  of  the  rectum,  al- 
though the  ulcerative  process  practically  always  involves  this  portion  of  the 
bowel.  An  erect  or  lateral  decubitus  view  may  be  taken  to  exclude  the  presence 
of  free  air.  Such  films  will  also  show  fluid  levels  in  the  colon  and  it  is  fairly 
characteristic  of  this  condition  that  the  fluid  levels  are  long  and  few  in  number. 
The  caliber  of  the  distended  segments  may  b(>  very  great.  A  striking  roentgen 
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feature  is  the  fact  that  despite  distention,  the  lenc^ths  of  the  visuaHzed  segments 
are  rehitively  normal.  The  hepatic  and  splenic  flexures  are  normally  situated 
and  identification  of  the  visualized  portion  of  the  colon  is  not  difficult.  It  is 
possible  that  the  plastic  exudate  prevents  the  bowel  from  becominp;  elongated  or 
contracted.  The  picture  of  marked  distention  associated  with  undistended  or 
relati\'ely  narrowed  i)ortions  of  colon  in  between  is  in  contrast  to  that  seen  in 
mechanical  obstruction  in  which  the  colon  proximal  to  the  site  of  obstruction 


Fig.  15.  Univeisai  ulcerative  coliti.^.  ^iiliainite  stafic.  Entire  I'olon  is  invoh'ed  with  an 
inflammatory  proce.ss  characterized  niodiratt^  diiiree  of  narrowing,  rigidity,  absent 
haustral  markings  and  inflammatory  i)ul.\'ii>.  Terniinal  ileum  is  normal. 

is  uniformly  distended  and  frequently  markedly-  redundant.  The  appearance  of 
the  bowel  is  diagnostic.  In  the  segments  involved  the  normal  haustral  pattern 
is  absent  (Fig  20  A  and  Bl.  In  less  involved  portions  the  haustra  may  appear 
thickened.  Superimposed  on  the  contour  there  may  be  innumerable  broad-based 
nodular  pseudopolypoid  projections  which  extend  into  the  lumen  of  the  bowel 
(Fig  19,  21).  Between  the  soft  tissue  projections  air-filled  crevices  which  in 
some  instances  have  a  serrated  or  tooth-like  configuration  may  be  identified. 
These  presumably  are  the  result  of  deep  ulcerations.  Peritonitis,  at  least  of  a 
localized  nature,  with  j^lastic  serosal  exudate  is  usually  present.  There  is  no 
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evidence  of  fluid  in  the  abdomen.  Tlie  changes  described  above  may  develop  in 
a  very  short  jx'i  iod  of  time.  W  hen  a  lice  perfoi'ation  occurs,  air  is  I'eadily  iden- 
tified under  the  (Haphragm.  It  is  not  unusual  in  these  cases  for  a  considerable 
amount  of  aii'  to  accumulate  uiidci'  liolh  Icax'cs  of  the  (haphra<i;m  and  throut^h- 
out  the  abdomen. 

On  o''casion  a  baiium  enema  examination  is  ijcrfoiincd  in  these  patients.  Be- 
cause of  the  hiti:li  incidence  of  spontaneous  pei'foration  in  toxic  dilatation. 


Fig.  16A.  Univer.'sal  chronic  iiIccimI i\ c  coliiis.  Tiiric  is  :i  niaikcd  degree  of  narrowing, 
rigidity  and  .shortening.  The  niuc()>al  iiatti  iii  i.s  alisenl  with  a  lew  iiiliammatory  polyps. 
iSliortening  of  right  side  of  colon  is  marked  and  the  anatomical  landmarks  are  difficult  to 
identify.  Terminal  ileum  is  elevated. 

Fig.  16B.  Unusual  case  of  segmental  ulcerative  colitis,  chronic  pha.se  invoh-ing  right 
side  of  colon.  ]-iight  side  of  colon  has  tubular,  pipi  -.^tciii  appearance  with  enormous  dilatation 
of  terminal  ileum.  The  tubular,  rigid,  symniel rical  aii|iearance  is  in  contrast  to  the  asym- 
metrical ajipcarance  of  granulomatous  colitis.  Tlie  inflamm.itoiy  process  confined  to  right 
side  is  unusual  for  ulcerative  colitis.  A  similar  aiipearance  is  seen  in  ischaemic  infarction  of 
the  colon. 

barium  enema  examination  is  contraindicated.  Nevertheless,  this  examination 
has  been  attempted  in  several  instances  without  apparent  complications,  prob- 
ably because  it  is  impossible  to  introduce  large  cjuantities  of  barium  without 
inducing  evacuation.  The  examiner  also  finds  it  useless  to  continue  the  exami- 
nation because  of  the  lai'ge  amount  of  secretions  and  air  within  the  colon.  How- 
ever, the  barium  may  outline  some  of  the  features  (Fig.  22,  23 j,  which  consist 
of  distention,  obliteration  of  the  haustral  and  mucosal  pattern,  irregularity  of 
the  contour  with  multiple  deep  jirojeetions  indicative  of  ulceration  and  numer- 
ous nodular  pseudojiolypoid  intraluminal  projections.  There  may  be  shortening 
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and  lack  of  redundancy  of  the  colon  and  an  inability  of  the  colon  to  contract 
because  of  loss  of  tone. 

Benign  Strictures  and  Carcinunia 

According  to  the  formal  criteria  of  stricturi',  benign  .strictures  in  ulcerative 
colitis  are  unconnnon  (21.  The  term  stricture  is  applied  to  a  localized,  rigid, 
fdiform  narrowing  which  has  produced  some  antegrade  obstruction.  On  roent- 


FiG.  17.  Univer.sal  uknative  colitis,  chrouic  phase.  This  appcaranc-e  of  narrowing,  rigid- 
ity, absent  mucosal  markings,  with  little  shortening  has  been  referred  to  as  chronic  burnt- 
out  ulcerative  colitis. 

gen  examination,  the  strictures  have  a  typically  benign  appearance  with  a  con- 
centric lumen,  smooth  contours  and  fusiform,  pliable  tapering  margins  (Fig 
24).  The  bow-el  proximal  to  the  stricture  is  minimally  dilated  and  on  evacua- 
tion the  colon  empties  well.  Occasionally,  however,  the  lumen  of  the  stricture  is 
slightly  eccentric  with  irregularity  of  the  contours  and  mucosa  simulating  a 
carcinoma  (Fig  25) .  Rarely  a  small  sinus  tract  is  demonstrated,  extending 
laterally  from  the  distal  portion  of  the  stricture.  Despite  the  roentgen  findings 
of  chronic  ulcerative  colitis,  microscopic  examination  frequently  reveals  active 
inflammation  at  the  site  of  the  stricture  and  immediately  proximal  and  distal 
to  it.  The  genesis  of  these  strictures  is  unknown  but  may  be  due  to  a  localized 
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perforation  in  a  markedly  inllained  howel.  If  opciat  i\c  iciiiowil  of  tlic  stric- 
ture alone  is  performed,  postoperative  follow-up  is  of  interest.  In  some  patients 
fistulas  form  at  tlie  site  of  anastomosis  and  ultimately  heal.  In  others  the  re- 
mainder of  the  colon  becomes  the  seat  of  a  fulminating  ulcerative  colitis  necessi- 
tating a  colectomy  and  ileostomy.  It  would  api)ear  that  if  a  diagnosis  of  benign 
stricture  can  definitely  be  made,  conservative  treatment  is  indicated  as  segmen- 


FiG.  18.  Toxic  dilatation  of  colon  in  ulcerative  colitis.  There  is  moderate  distention  of  the 
transverse  colon.  Tooth-like  serrations  probably  due  to  deep  ulcerations  are  seen  along 
superior  border  of  proximal  transverse  colon. 

tal  resection  on  a  colon  previously  involved  with  inflammatory  disease  is  fre- 
quently followed  by  complications. 

An  interesting  situation  occurs  when  the  right  side  of  the  colon  is  shortened 
with  stricturing  of  the  ileocecal  valve  and  colonization  and  dilatation  of  the 
terminal  ileum.  The  anatomical  landmarks  are  so  distorted  that  the  irregular, 
stenotic  ileocecal  region  suggests  a  carcinoma  in  the  colon.  The  dilated  termi- 
nal ileum  could  easily  be  mistaken  as  a  segment  of  colon  and  a  narrowed  ileo- 
cecal valve  for  a  carcinoma  (Fig  26  A  and  B) . 

Carcinoma  of  the  colon  developed  in  six  per  cent  of  our  ulcerative  colitis  pa- 
tients. In  two-thirds  of  these  the  colitis  was  chronic  and  burnt-out.  In  one  third 
the  colitis  was  active,  with  evidence  of  ulceration  and  inflammatory  polyps.  In 


460 


lUCIlAHD  11.  MAKSllAK  AND  ARTIll  R  E.  LINDNER 


some  cases  the  carcinoma  presents  as  a  filiform  stricture  with  none  of  the  typi- 
cal roentgen  alterations  associated  with  a  carcinoma.  The  roentgen  findings  in 
these  cases  include  a  narrowed  segment,  usually  measuring  2  to  6  cm  in  length 
with  an  eccentric  lumen,  inegular  contours  and  flattened,  rigid,  tapered  mar- 
gins (Fig  27A,  B,  28,  29A,  B,  30).  There  is  a  moderate  degree  of  dilatation  of 
the  iiioxiiiial  howel  with  evidence  of  increased  secretions  and  retained  stool. 
Clinically,  syni|)touis  of  colonic  ol)struction  are  a  jirominent  feature.  The  dis- 


FiG.  19.  Toxic  dilatation  in  ulcerative  colitis.  Marked  di.?tention  of  tran.sverse  colon  and 
midportion  of  de.scending  colon.  The  haiustral  markings  in  these  regions  are  absent,  with 
numerous  po^'poid  projections  due  to  large  inflammatory  polyps.  Considerable  irregularity 
of  contour  of  the  bowel. 

tal  transverse  colon,  descending  colon  and  the  rectum  are  the  most  frequent 
sites  of  carcinomatous  strictures  in  our  series  of  cases.  The  atypical  roentgen 
features  are  probably  due  to  the  associated  inflammatory  disease  and  the  sub- 
mucosal location  of  the  carcinomas.  Pathological  study  shows  the  deep  layers 
of  fibrous  tissue  infiltrated  by  scirrhous  carcinoma.  An  irregular  stricture  in 
the  presence  of  chronic  uI^el•ati^•e  colitis  should  he  considered  as  a  carcinoma 
until  proven  otherwise. 

In  the  remaining  cases,  the  carcinoma,  in  spite  of  the  underlying  ulcerative 
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colitis  (Iciiionstnitccl  tlic  tyjjical  I'ocnt j^rii  altci'atioiis  associated  with  a  maiiff- 
nancy  and  present('(l  no  i)rol)U'ni  in  differential  diagnosis  (Fig  31). 

Hack irdsh  Ileitis 

Statistics  quoting  involvement  of  the  ileum  in  |)alients  with  ulcerative  colitis 
vary  from  5  to  30  per  cent.  In  our  series  it  occurre(l  in  approximately  ten  per 
cent.  The  involvement  of  the  mucosa  is  minimal  and  the  length  of  involvement 
variable  (4  to  20  cm  I .  There  is  no  significant  nari'owing  of  the  f)o\vel  hnnen. 
The  contours  ai'e  smooth  oi'  slightly  serrated.  The  amount  of  seci'etioiis  and 


Fiu.  20A.  Cluonic  ulcerative  colitis.  Bunum  enema  examination  .sliovvs  the  moderately 
•severe  change.?  of  ulcerative  coliti.s  from  splenic  flexure  to  rectum.  Sigmoid  is  moderately 
dilated.  Right  side  of  colon  is  minimally  invoh  ed. 

I'k;.  20B.  Same  case  as  Fig.  20A ;  toxic  dilatation  of  colon.  At  this  time  there  is  huge 
distention  of  trans\erse  colon.  Distention  of  tiie  sigmoid  has  increased  but  the  caliber  of 
the  de.-icending  colon  is  unchanged.  .\])]iearance  of  the  liarium  in  transverse  colon  suggests 
marked  ulceration  and  numerous  inflammatory  iiolyi)s. 

motor  activity  are  minimally  increased  (Fig  32A).  The  findings  in  the  ileum 
are  limited  in  degree  and  extent  even  when  the  roentgen  alterations  in  the  colon 
are  marked. 

In  an  occasional  case  of  "backwash  ileitis"  the  distinction  from  regional  en- 
teritis may  be  difficult.  More  extensive  ulceration  of  the  mucosa  may  produce 
spasm  with  narrowing  and  rigidity  and  in  these  cases  differential  diagnosis  may 
be  impossible  (Fig  32B ) . 

Reversibility  in  Ulcerative  Colitis 

Not  infreciuently  as  serial  examinations  are  performed  in  j)atients  with  ul- 
cerative colitis  thei'e  ajipears  to  l)e  consideral)le  healing  of  the  inflammatory 
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process  with  a  marked  reversibility  in  the  appearance  of  tlie  colon  (Fig.  33A 
and  B).  The  narrowing  of  the  lumen  has  been  reported  to  disappear,  the  haus- 
tral  pattern  to  return  to  normal  and  the  inflammatory  polyps  to  vanish.  In  ana- 
lyzing these  cases,  howeA'er,  it  becomes  apparent  that  not  all  of  them  demon- 
strate true  reversibility.  The  narrowing  may  have  been  due  to  an  acute  stage 
when  there  is  considerable  associated  spasm  and  irritability.  Actual  fibrotic 
narrowing  may  never  have  been  present.  The  reappearance  of  a  normal  haus- 


FiG.  21.  Mild  toxic  dilatation  of  colon.  Slight  dilatation  of  tran.?verse  colon  with  con- 
siderable irregularity  of  the  contour.?  indicating  severe  ulceration. 

tral  pattern  may  also  be  misleading  because  the  haustra,  especially  when  ir- 
regular and  thick,  can  represent  pseudohaustrations  produced  by  underlying 
severe  inflammatory  disease.  Nevertheless,  reversil)ility  to  some  degree  is  an 
established  feature  of  ulcerative  colitis. 

On  the  other  hand,  it  should  be  noted  that  at  any  time  in  the  course  of  ulcer- 
ative colitis  an  acute  flare-up  may  occur  and  there  may  l)e  a  marked  change  in 
the  roentgen  appearance  of  the  inflamed  bowel.  This  is  most  dramatically  seen 
in  patients  with  minimal  involvement  when  subtle  roentgen  alterations  become 
florid  with  rapid  development  of  severe  ulcerations  and  pseudopolyps. 
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DiffereiilidI  I )iti<inosis 

Familial  Polyposis 

The  colon  in  a  patient  with  ulcerative  colitis  may  contain  a  tremendous  num- 
ber of  pseudopolyps.  As  a  result,  the  appearance  may  sometimes  be  confused 
with  familial  polyposis  (3).  In  a  majority  of  cases  of  ulcerative  colitis  associ- 
ated with  pseudopolyps  there  is  some  roentgen  evidence  of  an  inflammatory 


Fig.  22.  Barium  enema  examination  in  patient  with  mild  toxic  dilatation.  Diffuse  in- 
volvement of  colon  witli  numerous  inflammatory  polyps.  The  dilatation  in  this  case  is 
confined  to  right  .side  of  colon  and  is  of  moderate  severity. 

process  manifested  by  absence  or  irregularity  of  the  haustral  margins,  narrow- 
ing of  the  lumen,  longitudinal  shortening  of  the  colon  and  ulceration  of  the  mu- 
cosa (Fig  34  A  and  B).  On  the  contrary,  in  the  cases  of  familial  polyposis  that 
we  have  studied  there  is  usually  no  evidence  of  an  infhunmatory  jirocess  on 
roentgen  examination  despite  the  ])resence  on  pathological  examination  of  min- 
imal inflammatory  changes  in  many  of  these  cases.  It  should  be  noted  that  dif- 
ferentiation between  the  two  entities  from  the  appearance  of  the  polyps  them- 
selves is  unreliable  (Fig  35A  and  B).  A  perplexing  situation  can  develop  in  an 
occasional  case  of  ulcerative  colitis  in  which  the  inflammatory  process  heals 
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and  the  roentgen  ehunges;  return  to  normal  but  a  large  number  of  inflammatory 
polyps  remain  (Fig.  35,  37A-D).  In  these  cases  involvement  of  the  ileum  with 
backwash  ileitis  may  aid  in  differentiation.  Familial  polyi)osis  rarely  involves 
the  small  bowel. 

Cathartic  Colon 

The  roentgen  findings  of  cathartic  colon  may  be  difficult  to  differentiate  from 
burnt-out  ulcerative  colitis  (4)  (Fig  38,  39).  In  cathartic  colon  the  right  side 


Fig.  23.  Attempted  barium  enema  examination  in  patient  with  toxic  dilatation.  The 
considerable  secretions  obscure  the  details  observed  in  toxic  dilatation.  Barium  enema  ex- 
amination in  these  cases  is  frequently  futile  and  is  unnecessary  for  diagnosis. 

reveals  the  more  extensive  altci'ations.  These  consist  of  absent  or  diminished 
haustral  markings,  bizarre  contractions  and  inconstant  areas  of  narrowing.  The 
bowel  is  moderately  distensible,  and  after  evacuation  barium  is  frequently  re- 
tained within  the  colon.  The  mucosal  pattern,  when  identified,  is  usually  linear 
or  absent  with  no  evidence  of  ulceration.  In  severe  cases  the  left  side  of  the  colon 
may  also  be  involved,  Init  the  sigmoid  and  rectum  are  usually  normally  dis- 
tensible. The  terminal  ileum  can  manifest  changes  similar  to  the  right  side  of 
the  colon  for  varying  lengths.  The  ileocecal  valve  is  freciucntly  flattened  and 
gaping.  Shortening  of  the  colon  occurs,  especially  on  the  right  side,  but  the 
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flexures  are  usually  normally  situutod.  Fluoio.^copicall}'  and  on  I  lie  films,  tubu- 
lar areas  of  nanowins  may  ho  identified.  These  reveal  a  eonceutiic  lumen  with 
tapering  margins  and  no  ex  idence  of  ii(j;i(lity.  The  areas  of  narrowing  are  in- 
constant and  may  disappeai-  dni'injj;  a  sinjj;le  examination. 


Fig.  24.  Chronic  burnt-out  ulcerative  coliti.s  witli  benign  stricture.  Tliere  is  a  fusiform 
tapering  stricture  witii  a  concentric  lumen  and  smootli  contours  measuring  1.5  cm  in  Icngtli 
in  the  mid-descending  colon.  There  is  moderate  degree  of  diiatation  proximal  to  tlie  stric- 
ture, with  retained  stool  and  secretions.  Entire  colon  is  involved  witli  clnonic  liuvnt-out 
ulcerative  colitis. 

GRANULOMATOirS  COLITIS 

Patients  with  granulomatous  colitis,  like  those  with  ulcerative  colitis,  may 
present  with  fever,  abdominal  cramjis  and  diarrhea  or  constijiation  (5,  6). 
Gross  blood  in  the  stools,  however,  is  unusual  and  when  it  does  occur  it  tends 
to  be  infreciuent  and  not  a  prominent  feature  of  the  illness.  Perianal  fistulae 
and  anorectal  disease  are  common  in  granulomatous  colitis  and,  as  has  been 
observed  in  regional  enteritis,  they  may  appear  before  any  of  the  other  clinical 
features  of  the  disease.  Extracolonic  manifestations  are  less  common  than  in 
ulcerative  colitis.  Although  the  rectum  may  be  involved  in  granulomatous  dis- 
ease, the  process  tends  to  be  right  sided,  segmental  and  to  spare  the  rectum. 
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Thus  a  normal  s;igmoidoscopy  in  a  patient  witli  colitis  is  strongly  suggestive  of 
granulomatous  disease.  Clinical  distinction  in  the  appearance  of  an  involved 
rectum  between  ulcerative  and  granulomatous  disease  may  be  difficult,  but  an 
irregularly  inflamed,  cobblestone  surface,  if  present,  suggests  the  latter  (7). 
Rectal  biopsy  reaching  the  sul)nuK'osa  may  yield  granulomas.  Carcinoma  of 


Fig.  25.  Benign  stricture  in  chronic  ulcerative  colitis.  There  is  a  shghtly  irregular  stric- 
ture measuring  3.5  cm  in  length  in  the  proximal  descending  colon.  A  sinus  tract  extends 
laterally  from  di.?tal  portion  of  stricture.  There  is  mmunal  jjroximal  dilatation.  It  is  im- 
possible in  this  case  to  make  a  definite  diagnosis  of  benign  or  malignant  stricture.  Patho- 
logic examination  revealed  a  benign  .stricture. 

the  colon  thus  far  has  not  been  reported  in  association  with  granulomatous 
colitis.  Free  perforation  of  the  colon  into  the  peritoneal  cavity  is  rare  even 
though  minute,  sealed-off  perforations  are  characteristic  of  the  granulomatous 
disease  process. 

The  medical  treatment  of  granulomatous  colitis  is  similar  to  that  of  ulcera- 
tive disease  and  is  largely  symptomatic  and  supportive.  Corticosteroids  are 
useful  in  management  but  are  less  likely  to  induce  a  full  remission  than  in  ulcer- 


Fig.  26A.  Benign  stricture  in  chronic  ulcerative  colitis.  Right  side  of  colon  is  markedly 
shortened  with  complete  disappearance  of  normal  cecum  and  ascending  colon.  There  is 
stricturing  and  irregularity  of  ileocecal  valve  with  dilatation  of  terminal  ileum.  Failure 
to  recognize  the  dilated  terminal  ileum  may  result  in  a  mistaken  diagnosis  of  a  carcinoma. 
Operative  findings:  Ulcerative  colitis  with  benign  stricture  of  ileocecal  valve. 

Fig.  26B.  Same  case  as  Fig.  26A,  spot  film  of  benign  stricture. 


Fig.  27A  and  B.  Carcinomatous  stricture  in  chronic  ulcerative  colitis.  The  stricture  in- 
volves the  proximal  descending  colon.  The  lumen  is  eccentric,  tlie  contours  irregular  and 
there  is  moderate  dilatation  of  proximal  bowel.  An  irregular  stricture  in  ulcerative  colitis 
mu.st  be  considered  a  carcinoma  until  proven  otherwise. 
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ative  colitis.  In  sonu'  patients  with  liranuloniatous  colitis  the  disease  runs  a  rela- 
tively low  grade  and  indolent  course  with  moderate  disability.  When  surgery 
is  required  in  these  patients  it  is  usually  for  ob.struction.  In  other  patients  the 
course  of  the  disease  is  more  severe;  fistula  formation  and  sinus  tracts  are  com- 
mon and  infection  and  chronic  toxicity  become  indications  for  surgery. 

The  problem  of  surgical  treatment  is  more  complicated  in  granulomatous 
than  in  ulcerative  disease.  In  ulcerative  colitis  the  disease  is  curable  at  the  ex- 


FiG.  28.  Carcinoma  of  rectum  with  ulcerative  colitis.  Irregular  marked  narrowing  of 
entire  rectum  due  to  carcinoma  in  patient  with  chronic  burnt-out  ulcerative  colitis.  Nu- 
merous nodular  defects  are  also  identified  in  the  strictured  area. 

pense  of  total  colectomy  and  ileostomy.  In  granulomatous  disease  of  the  small 
intestine  (regional  enteritis)  lengths  of  bowel  which  appear  normal  at  opera- 
tion may  become  involved  in  granulomatous  disease  after  resection  or  bypass 
procedures.  Such  recia-rence  dc\-eloi)s  in  at  least  half  tlie  ])atients.  Similar  re- 
currence has  also  been  noted  in  patients  with  granulomatous  disease  of  both 
ileum  and  colon  (ileocolitis).  It  appears  at  present,  for  reasons  not  yet  clear, 
that  when  surgery  is  performed  in  patients  with  granulomatous  colitis  in  whom 
the  small  bowel  is  normal,  the  recurrence  rate  is  considerably  less.  Nevertheless, 
since  the  pathology  of  small  bowel  and  colonic  granulomatous  disease  is  the 
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same,  the  risk  of  postoperative  spread  of  disease  iinist  be  kept  in  mind.  For  this 
reason,  patients  with  <^i'annlomatous  eoHtis,  like  those  with  regional  enteritis, 
are  managed  medically  as  long  as  possible  and  surgery  reserved  for  complica- 
tions or  for  ])rolonged  disability. 

The  lesions  chari'.cteristic  of  regional  enteritis  may  be  seen  in  any  segment 
of  the  colon  with  or  without  associated  disease  in  the  small  intestine.  The  colon 
may  be  invoh  ed  in  granulomatous  disease  in  one  of  several  ways.  In  the  first 
place,  the  colon  alone  may  b(>  the  site  of  ])rimary  granulomatous  disease,  some- 
times in  its  entirety,  but  more  fiiH|ut'iitly  in  segmental  fashion,  the  rectum  and 


Fig.  29A.  Long  carcinomatous  stricture  in  chronic  ljurnt-out  ulcerative  colitis. 
Fig.  29B.  Same  case  as  Fig.  29A,  evacuation  film. 

sigmoid  being  spared.  Second,  in  addition  to  granulomatous  disease  of  the  colon 
there  may  be  involvement,  usually  simultaneous  in  onset,  of  the  small  bowel. 
The  diseased  area  in  the  colon  may  be  continuous  with  that  in  the  ileum  or  it 
may  present  as  a  skip  lesion  with  normal  intervening  bowel.  Third,  the  colon 
may  become  involved  with  granulomatous  disease  only  after  an  operation  has 
been  performed  for  regional  ileitis.  Here  the  diseased  segment  of  colon  is  tisu- 
ally  immediately  adjacent  to  an  ana.stomosis.  Finally,  the  colon  may  be  in- 
volved directly  by  fistula  formation  from  a  loop  of  bowel  that  is  the  site  of  re- 
gional ileitis.  Such  fistulas,  in  our  experience,  are  usually  without  significance 
so  far  as  subsequent  development  of  granulomatous  colitis  is  concerned;  the 
disease  does  not  appear  to  spread  and  the  area  heals  when  the  diseased  small 
bowel  has  been  removed  and  the  fistula  closed. 
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Fig.  30.  Carcinomatous  stric- 
ture in  chronic  ulcerative  colitis. 
Irregular  stricture  involving  the 
proximal  descending  colon  with  an 
eccentric  lumen  and  marked  dila- 
tation of  proximal  bowel.  Entire 
colon  is  involved  with  burnt-out 
ulcerative  colitis. 


Thus  the  colon  itsi'lf  can  be  involved  in  a  primary  granulomatous  process  or 
both  colon  and  small  bowel,  usually  ileum,  can  be  the  site  of  granulomatous 
disease.  Such  associated  involvement  we  have  termed  granulomatous  ileocoli- 
tis. The  term  ileocolitis  is  used  only  to  describe  granulomatous  disease  and  does 
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not  refer  to  iilcerutivc  colitis  with  buckwash  ileitis.  As  has  been  notetl,  the 
ileal  involvement  in  ulcerative  colitis  does  not  alter  the  course  of  the  colonic 
disease  or  its  managennent  and  is  thus  of  little  clinical  significance.  We  believe 
that  regional  ileitis  and  ulcerative  colitis  are  associated  only  rarely  and  by 
chance.  Pending  full  understanding  of  the  etiologic  agents  involved,  it  seems 
reasonable  that  when  regional  ileitis  is  present  the  associated  inflammatory  dis- 


FiG.  31.  Carcinoma  in  chronic  burnt-out  ulcerative  colitis.  The  classical  appearance  of  a 
carcinoma  is  noted  in  the  proximal  descending  colon. 

ease  in  the  colon  should  be  granulomatous  and  this  has  been  the  case  in  recent 
studies. 

Not  every  segmental  colitis,  however,  is  granulomatous.  Ulcerative  colitis  can 
at  times  present  in  segmental,  right-sided  or  atypical  forms  and  may  be  associ- 
ated with  minimal  inflammatory  changes  in  the  terminal  ileum.  These  lesions 
must  be  differentiated  from  granulomatous  colitis  and  ileitis. 

The  pathology  of  granulomatous  colitis  is  similar  to  that  of  regional  enteri- 
tis (8,  9) .  There  is  a  chronic  inflammation  extending  through  the  entire  wall  in- 
volving primarily  the  submucosa.  The  bowel  wall  is  thick  and  rigid  with  nar- 
rowing of  the  lumen  which  may  lead  to  stricture  formation.  Ulcers  are  deep 
and  tend  to  present  as  long  linear  ulcerations  intersecting  with  deep  transverse 
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Fig.  32A.  Ulcerative  colitis  with  backwash  ileitis.  Terminal  ileum  is  distensible  associ- 
ated with  minimal  irregularity  of  the  contour  and  increased  .secretions.  The  narrowing  and 
rigidity  usually  associated  with  regional  enteritis  is  absent.  Inflammatory  process  involving 
the  colon  is  evident. 

Fig.  32B.  Diffuse  ulcerati\-e  colitis  with  backwash  ileitis.  The  backwash  ileitis  in  this 
case  is  unusually  extensive  and  mimics  regional  enteritis.  There  is  mocierate  degree  of 
narrowing  and  rigidity  with  slight  irregularity  of  the  contour  and  thickening  of  the  mucosal 
folds.  The  more  marked  in\(ihcment  of  the  ileum  in  this  case  suggests  granulomatous  dis- 
ease. At  operation,  however,  the  findings  were  those  of  ulcerative  colitis  and  backwash 
ileitis. 
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ulcers  or  fissures.  The  intervening  nuicosu  is  swollen  and  the  luminal  surface 
has  a  coarsely  nodular  ai)i)earance  which  has  been  likened  to  a  cobblestone 
road.  Involveiucnl  of  the  bowel  wall  itself  may  be  asymmet I'ical  rather  than 
circumferential.  Loo])s  of  invoh'ed  gut  may  be  adherent  to  each  other  or  to 
looj)s  of  normal  bowel.  Fistulae  between  loops  of  bowel  or  to  other  viscera  are 
connnon  and  intra-abdominal  abscesses  may  be  present.  When  the  ileum  as 
well  as  the  colon  is  involved  in  this  inflammatory  ])rocess  the  condition  is  called 
granulomatous  ileocolitis  I  Fig  40-44). 


Fig.  33A.  Rever-sibility  in  ulcerative  eolitif:.  Same  ca-^f  as  Fig.  1  and  2,  six  months  later. 
Remarkable  reversibility  in  appearance  of  the  colon.  Tiiere  is  no  roentgen  evidence  of  an 
inftamniatory  process.  The  haustral  markings  are  wit  inn  normal  limits.  A  moderate  amount 
of  stool  is  present  in  colon  due  to  incomplete  preparation. 

Fio.  33B.  Reversibility  in  ulcerative  colitis.  Same  case  as  Fig.  10  and  11,  one  year  later. 
The  ileum  and  colon  now  appear  normal.  Reversibility  is  a  feature  that  is  more  commonly 
identified  in  ulcerative  than  in  granulomatous  colitis. 

Histological  examination  shows  a  chronic  inflannnatory  reaction  most  promi- 
nent in  the  submucosa  but  extending  through  the  bowel  wall  with  edema  and 
fibrosis.  The  ulcers  are  deep  and  extend  through  the  serosa  as  sealed-off  perfora- 
tions to  which  adjacent  viscera  may  adhere.  The  characteristic  histological  fea- 
ture is  the  presence  of  noncaseating  granulomas  with  Langhans'  giant  cells 
and  epithelioid  cells.  Especially  when  ulceration  is  severe,  granulomas  may  be 
scanty  or  absent,  but  a  diagnosis  of  granulomatous  disease  is  warranted  if  the 
other  characteristic  pathological  features  are  present.  Regional  lymph  nodes 
may  be  enlarged  and  on  section  show  characteristic  granulomas. 

Roentgenographic  features  characteristic  of  granulomatous  colitis  are  essen- 


Fig.  34A.  Ulcerative  colitis  with  inflammaton-  polyps  simulating  familial  polyposis. 
Xumerous  inflammaton-  polyps  distributed  throughout  the  colon.  The  narrowing,  rigidity 
and  shortening  are  evidence  of  an  inflammatory'  process  and  differentiate  the  findings  from 
familial  poh'posis.  DLfiferential  diagnosis  on  the  basis  of  the  appearance  of  the  polj-ps 
alone  is  impossible. 

Fig.  34B.  Ulcerative  colitis  with  inflammatori-  polyps  simulating  familial  polyposis.  In 
this  case  it  is  even  more  difficult  to  differentiate  the  findings  from  famiUal  polyposis.  There 
is,  however,  shght  nan-owing  and  lack  of  distensibihty  of  transverse  and  descending  colon. 
Note  lack  of  involvement  of  rectum. 


474 


ULCERATIVE  AND  GRANULOMATOUS  COLITIS 


475 


tially  tlioso  seen  in  regional  enteritis  of  the  small  bowel  (10).  They  include 
skip  lesions,  lonj^itudinal  iileei'ations,  transvei'se  fissures,  deep  ragged  ulcera- 
tions, eccentric  involvement  and  ])seudodivei'ticuIa,  nai  rowing  or  stricture  for- 


FiG.  36.  Ulcerative  colitis  simulating  familial  polyposis.  There  is  so  little  evidcni-e  of  an 
inflammatory  process  in  this  case  that  differential  diagnosis  from  familial  polyposis  would 
be  impossible  in  the  absence  of  previous  films  which  demonstrated  the  characteristic 
changes  of  ulcerative  colitis.  The  filling  defects  were  constant  and  due  to  polyps  rather 
than  stool. 

mation,  pseudopolypoid  changes  producing  a  coarse  cobblestone  pattern,  in- 
ternal fistulae  and  sinus  tracts  (Fig  45-60). 

In  early  or  minimally  involved  cases  many  of  the  typical  roentgen  features 
of  granulomatous  disease  may  not  be  seen.  Instead,  there  are  single  or  multi- 
ple nodular  defects  or  irregularity  and  rigidity  of  the  contour  of  a  short  seg- 

FiG.  35A.  Typical  appearance  of  familial  polyposis  involving  the  entire  colon.  The 
polyps  are  more  readily  distingui.shable  on  the  left  side.  The  bowel  is  more  distensible  than 
is  u.sually  noted.  There  is  no  evidence  of  an  inflammatory  process. 

Fig.  35B.  Sarne  case  as  Fig.  35A,  air  study.  The  tremendous  numbers  of  polyps  are  again 
identified.  Individual  pedicles  are  difficult  to  delineate. 
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Fig.  37A.  Ulcerative  colitis  involving  predominantly  the  transverse  colon,  descending 
colon  and  rectum. 

Fig.  37B.  Same  case  one  year  later.  There  is  more  marked  involvement  of  the  colon. 
Numerous  large  inflammatory  polyps  can  be  identified. 

Fig.  37C.  Same  case  three  years  later.  Air  study  again  reveals  the  large  inflammatory 
polyps.  There  is  narrowing  in  the  distal  transverse  colon,  sigmoid  and  rectum.  Remainder 
of  the  bowel  is  more  distensible  than  on  previous  examination. 
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mcnt  (Fip;  61).  These  minimal  cliangcs  can  easily  be  obscured  by  filling  and 
distention  of  the  colon  or  by  overlapping  adjacent  bowel.  The  mucosal  pattern 
after  evacuation  is  helpful  in  these  cases  as  it  may  reveal  thickening  or  nodu- 
larity of  the  mucosa  with  an  irregular  rope-like  appearance  (Fig  62  A,  B, 
and  C,  63).  Although  small  areas  of  ulceration  may  be  difiicult  to  identify, 
thcii-  prt'sence  may  be  suggested  by  straightening  or  rigidity  of  a  segment  or  by 
the  i)resencc  of  iiseudodiverticula  on  the  opposite  wall.  This  is  due  to  the  fact 
that  ulceration  jn'oduces  sjiasm  and  contraction  and  the  opposite  uninvolved 
wall  becomes  folded.  The  small  ulcers  combine  to  produce  large  longitudinal 


Fig.  38.  Cathartic  colon.  Normal  distensibility  with  complete  absence  of  the  haustral 
markings.  The  findings  are  more  obvious  on  right  side  of  colon.  Areas  of  narrowing  are 
inconstant. 

Fig.  39.  Cathartic  colon  simulating  burnt-out  ulcerative  colitis. 


ulcerations  or  gutters  which  are  frequently  multiple.  When  this  is  associated 
with  transverse  linear  ulcerations  it  produces  the  characteristic  cobblestone 
pattern  (Fig  64) . 

The  transverse  ulcers  may  penetrate  beyond  the  contour  of  the  bowel  so 
as  to  present  in  profile  as  numerous  long,  thin  spicules,  perpendicular  to  the 
long  axis  of  the  bowel  or  as  a  sinus  tract  (Fig  65  A,  B,  and  C).  They  are  most 
frequent  between  terminal  ileum  and  cecum  (Fig  66)  and  may  ultimately  lead 

Fig.  37D.  Same  case  six  years  after  initial  examination.  There  is  now  a  carcinomatous 
stricture  of  the  rectum  and  a  carcinoma  of  the  sigmoid.  Remainder  of  colon  reveals  a 
remarkable  reversibility  in  the  appearance  of  the  inflammatory  process;  after  colectomy 
and  microscopic  study  the  pathologist  had  difficulty  in  determining  whether  the  findings 
were  due  to  familial  polyposis  or  ulcerative  colitis.  The  serial  roentgen  films  demonstrating 
the  presence  of  ulcerative  colitis  were  helpful  in  arriving  at  the  final  diagnosis  of  chronic 
ulcerative  colitis  with  two  superimposed  carcinomas. 
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to  intramural  abscesses  (Fig  67) .  These  abscesses  at  times  are  large,  producing 
a  marked  irregularity  of  the  contour  of  the  bowel.  When  they  penetrate  into  the 
adjacent  loops,  a  fiJtula  is  formed  (Fig  65C).  Intestinal  fistulae  are  less  fre- 


Figs.  42-44 

Cobblestoning,  longitudinal  ulcerations,  skip  lesions,  stricturing  and  thickening  of  bowel 
wall  are  seen.  In  Fig.  44  the  pathologic  features  in  terminal  ileum  and  right  side  ot  colon  are 
similar. 

quent  in  granulomatous  disease  of  the  colon,  however,  than  in  regional  enteritis. 
In  late  stages  of  the  disease,  the  entire  mucosa  may  be  sloughed  off  because  of 
the  diffuse  ulceration.  In  those  cases  in  which  the  bowel  is  diffusely  and  sym- 
metrically involved  and  there  are  no  typical  features  of  granulomatous  disease 
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Fig.  45.  Granulomatous  colitis.  Marked  irro^gularity  uf  tlir  contours  due  to  numerous 
large  sac-like  ulcerations.  Left  side  of  colon  is  normal. 

Fig.  46.  Granulomatous  colitis.  Narrowing  and  irregularity  of  the  transverse  and  prox- 
imal descending  colon.  Pseudodiverticula  and  pleating  of  the  folds  are  seen  along  medial 
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(liffcM'tMitiation  from  ulcerative  colitis  may  he  impossible,  especially  in  the  ab- 
sence of  characteristic  features  in  the  small  intestine  (Fig  68,  ()9,  701. 

Since  marked  thickening  of  the  bowel  secondaiy  to  inti-amuial  lil)i-otic 
changes  is  conunon  in  gramilomatous  colitis,  irregular  stenotic  segments  and 
strictures  are  frecpiently  seen  (Fig  71-75).  Occasionally  granulomatous  colitis 
presents  as  a  single  strictmc  of  the  colon  i  Fig  76).  When  this  stricture  is  eccen- 
ti'ic  and  associated  with  overhanging  edges,  differentiation  fi'om  a  carcinoma 


Fig.  48.  Granulomatous  colitis.  There  are  two  skip  lesions;  one  in  distal  trans\erse 
colon  and  the  second  in  proximal  descending  colon  with  normal  intervening  bowel.  There 
is  marked  irregularity  of  the  contour  and  large  inflammatory  jjolyps. 

Fig.  49.  Same  as  Fig.  48.  One  year  later  the  skip  lesions  are  again  identified.  At  this 
time  pseudodu  i  rtieula  are  seen  in  descending  colon  reflecting  asymmetrical  involvement. 

may  be  impossible.  In  most  cases,  however,  there  is  further  evidence  of  involve- 
ment of  the  bowel  in  the  form  of  skip  lesions,  further  strictures,  or  other  identi- 
fying features  of  granulomatous  disease. 

Granulomatous  colitis  can  also  resemble  burnt-out  ulcerative  colitis,  except 
for  its  more  frequent  segmental  distribution,  usually  right-sided.  There  is  mini- 
mal narrowing  or  rigidity  associated  with  absent  haustral  markings  and  efTace- 
ment  of  the  mucosa.  These  cases  probably  represent  minimal  degrees  of  involve- 

aspect  of  proximal  descending  colon.  This  case  represents  a  later  stage  of  involvement 
than  the  case  shown  in  Fig.  45. 

Fig.  47.  Granulomatous  colitis.  More  marked  narrowing  and  irregularity  of  the  trans- 
verse colon  and  )3roximal  descending  colon  with  considerable  dilatation  of  right  side  of 
colon.  Characteristic  segmental  distribution  is  identified. 
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ment  with  little  scarring  (Fig  771.  Tlicy  are  present  at  a  time  when  none  of  the 
typical  roentgen  features  of  granulomatous  colitis  is  present. 

Linear  extension  of  the  disea.se  in  granulomatous  colitis,  as  in  regional  enteri- 
tis, is  uncommon  in  the  absence  of  surgery,  but  normal  areas  between  skip  le- 
sions may  become  involved.  A  minimally  involved  colon  with  multiple  skip  le- 
sions may  become  severely  and  diffusely  ulcerated  in  a  short  period  of  time. 

Granulomatous  colitis  mu.st  be  differentiated  not  only  from  ulcerative  colitis 


Fig.  50.  Granulomatous  colitis.  Spot  film  of  right  side  of  colon  demonstrating  trans- 
verse and  linear  ulceration.  Large  infiammatorj'  polyps,  narrowing,  rigidity  and  irregular 
contours. 

but  also  from  several  other  conditions  of  the  colon.  This  may  be  difficult  when 
the  area  involved  is  single  and  limited  in  extent.  In  such  instances  diverticuli- 
tis, carcinoma,  foreign  body  perforations,  or  infarction  may  be  simulated.  In 
diverticulitis  the  mucosa  is  intact,  diverticula  are  present,  and  a  localized  ex- 
trinsic mass  due  to  abscess  formation  may  be  evident.  In  carcinoma  a  rigid 
mass  with  elevated  or  overhanging  edges  is  characteristic.  Complete  obstruc- 
tion is  rare  in  granulomatous  disease  despite  the  fact  that  short  segments  may 
become  markedly  narrowed.  In  infarction  the  early  stage  may  mimic  granu- 
lomatous colitis.  There  is  marked  thickening  of  the  folds,  spasm,  irritability 
and  increased  secretions.  Follow-up  studies  frequently  reveal  the  rapid  devel- 
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opmcnt  of  a  stricture.  In  other  instances  the  bowel  retvH'ns  to  normal.  In  the 
absence  of  follow-up  studies,  dillerential  diagnosis  may  be  impossible. 

Since  ileostomy  and  colectomy  are  performed  for  l)oth  idccrative  and  granu- 
lomatous colitis,  the  development  of  inflammatory  disease  in  the  ileum  proxi- 
mal to  the  stoma  is  ])ertinent.  Such  ])icst()nial  ileitis  may  be  of  two  varieties. 
One  is  secondary  to  obstruction  of  the  stoma  (ileostomy  dysfunctionj  and  is  a 


Fig.  51.  Granulomatous  colitis;  spot  film  of  rectum  and  sigmoid.  Submuco.sal  nodules, 
associated  with  irregularity  of  the  contour,  narrowing  and  rigidity.  The  .submucosal  nodules 
probably  represent  tiny  ulcerations  with  surrounding  edema.  The  thickening  of  the  sub- 
mucosa  also  plays  a  role  in  genesis  of  these  nodules. 

mechanical  problem  related  to  narrowing  of  the  stoma.  The  other  is  secondary 
to  extension  of  the  granulomatous  process.  Ileostomy  dysfunction  may  be  seen 
in  both  ulcerative  colitis  and  granulomatous  colitis.  Extension  of  the  granulom- 
atous process  is  only  seen  if  operation  is  performed  for  granulomatous  dis- 
ease. It  is  of  considerable  interest  that  in  our  series  of  cases,  prestomal  granu- 
lomatous ileitis  has  been  noted  only  in  patients  in  whom  the  involvement  was 
in  both  small  bowel  and  colon.  It  has  not  been  identified  in  those  patients  in 
whom  the  granulomatous  pi'ocess  has  been  confined  to  the  colon  alone,  although 
this  has  been  reported  by  others. 
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Fig.  53.  Granulomatous  ileocolitis.  Simultaneous  and  similar  iinolvement  of  the  ileum 
and  right  side  of  the  colon  characterized  by  narrowing  and  ligidity  of  the  ileum  and  trans- 
verse colon.  The  a.scending  colon  is  fairly  distensible.  Left  side  of  colon  is  normal. 

Fig.  54.  Gramdomatous  ileocolitis.  Ileum  and  right  side  of  the  colon  are  involved.  Trans- 
verse ulcerations  and  inflammatory  polyps  are  seen  in  right  side  of  transverse  colon.  A 
small  fistulous  communication  from  the  ileum  to  the  cecum  is  noted.  Left  side  of  colon  is 
normal. 

Fig.  55.  Granulomatous  ileocolitis.  The  findings  are  severe  in  the  descending  colon 
where  there  is  narrowing,  rigidity  and  marked  ulceration.  The  inflammatory  process  is 
segmental.  The  unevenness  of  involvement  is  another  characteristic  feature  of  granuloma- 
tous disease. 

Fig.  56.  Granulomatous  ileocolitis.  The  ileum  and  the  colon  to  the  splenic  flexure  are 
involved  with  typical  regional  enteritis.  A  small  skip  lesion  is  identified  on  the  lateral  aspect 
of  mid-descending  colon. 
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Fig.  57A.  Granulomatous  ileocolitis.  Narrowing  and  rigidity  of  the  terminal  ileum  and 
colon.  Gross  irregularity  of  the  contour  is  seen.  There  is  minimal  involvement  of  the  de- 
scending colon.  Rectum  and  sigmoid  are  normal. 

Fig.  57B.  Same  case  as  Fig.  57A,  evacuation  film.  The  muco.sa  is  thickened,  hazy  and 
irregular  with  numerous  small  nodules.  The  nodular  appearance  is  in  contrast  to  the 
thickened  symmetrical  mucosal  folds  seen  in  ulcerative  colitis.  Extent  of  involvement  in 
this  case  is  better  determined  on  the  evacuation  film. 


Fig.  58A.  Regional  enteritis  with  extension  into  the  colon.  The  Icinunal  ileum  is  in- 
volved with  the  characteristic  findings  of  regional  enteritis.  Colon  appears  normal. 

Fig.  58B.  One  year  later,  evacuation  film.  Marked  involvement  of  the  entire  colon  with 
a  sinus  tract  extending  lateral  to  the  descending  colon.  The  mucosa  has  a  cobblestone  ap- 
pearance with  numerous  and  longitudinal  ulcerations.  In  granulomatous  disease  extension 
in  the  ab.sence  of  surgery  is  uncommon. 
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Fig.  59.  Granulomatous  ileocolitis.  Inflammatoiy  iirocess  involves  primarily  the  right 
side  of  folon.  There  is  a  .skip  lesion  in  the  terminal  ileum.  In  the  ab.sence  of  the  character- 
istic findings  of  regional  enteritis,  a  definite  diagnosis  of  granulomatous  disease  in  the 
colon  would  be  difficult. 
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Fig.  60.  Granulomatous  ileocolitis.  Roentgen  findinjis  m  I  he  ili  uin  are  due  to  regional 
enteritis.  In  colon  the  findings  are  minimal  and  charadcnzc d  by  ,-litilil  flattening  of  the 
contours  and  minimal  distortion  of  the  haustral  marking.s.  The  findmgs  in  terminal  ileum 
indicate  that  the  subtle  findings  in  the  colon  are  due  to  granulomatous  colitis. 
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Fig.  61.  Granulomatous  colitis  involving  transverse  colon.  There  is  minimal  involvement 
of  the  inferior  aspect  of  the  transverse  colon  characterized  by  irregularity  and  nodular 
filling  defects.  The  findings  are  partially  obscured  by  over-filling  of  colon  with  air.  These 
minimal  findings  are  frequently  better  identified  on  a  motility  film  or  evacuation  film. 
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Fig.  62A.  Granulomatous  colitis.  There  is  minimal  involvement  of  the  right  side  of  the 
colon  to  the  splenic  flexure  with  irregularity  of  the  contours  and  small  nodular  defects. 
The  findings  are  more  marked  in  distal  transverse  colon.  There  is  .some  lack  of  distensibility 
and  rigidity. 

Fig.  62B.  Same  case  as  Fig.  62.\,  evacuation  film.  Mucosal  pattern  has  an  irregular  cob- 
blestone appearance.  Several  small  skip  le.sions,  indicated  by  the  pseudodiverticula,  are 
identified.  Involvement  of  left  side  of  colon  .seen  on  this  film. 

Fig.  62C.  Spot  film  of  Fig.  62B.  Nodular,  cobblestone,  rojie-Iike  configuration  of  the 
mucosal  pattern  is  again  seen  a.ssociated  with  multiple  ^^mall  i)seudodi\T'rticula. 


Fig.  63.  Evacuation  hiiu  ui  granulomatous  colitis.  Nodular  cobblestone  configuration 
typical  of  granulomatous  colitis  is  seen. 
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Fig.  64.  Granulomatous  ileocolitis.  Marked  cobblestoning,  produced  by  the  longitudinal 
and  transverse  ulcerations,  with  narrowing  and  rigidity  of  the  colon.  Rectum  is  normal. 
The  involvement  of  tlie  ileum  was  seen  simultaneously  with  the  involvement  of  the  colon. 
This  has  been  true  in  most  of  our  cases. 
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Fig.  65A.  Granulomatous  ileocolitis.  Minimal  flattening  of  the  liaustral  markings  of  the 
right  colon  and  the  proximal  descending  colon.  Rectum  and  sigmoid  appear  normal. 

Fig.  65B.  Same  case  as  Fig.  65A,  six  months  later.  There  are  marked  longitudinal  and 
transverse  ulcerations. 

Fig.  65C.  Same  case  one  year  after  original  study.  There  is  extensive  ulceration  of  the 
transverse  colon  with  numerous  and  marked  transverse  ulcerations.  Terminal  ileum  is  also 
involved.  Rectum,  sigmoid  and  lower  descending  colon  are  normal. 

Fig.  65D.  Same  case  two  years  after  original  studj'.  There  is  more  extensive  involvement 
with  a  fistulous  communication  between  the  splenic  flexure  and  the  stomach.  Distal  trans- 
verse colon  is  markedly  ulcerated  with  gross  irregularity  and  distortion  of  the  contour. 
Marked  involvement  may  occur  in  a  relatively  short  period  of  time. 
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Fig.  66.  Granulomatous  ileocolitis.  Characteristic  intramural  sinus  tracts  and  fistulae 
extending  from  the  terminal  ileum  to  right  side  of  colon.  These  tracts  are  typical  of 
granulomatous  disease. 


Fig.  67.  Granulomatous  colitis.  Marked  segmental  involvement  of  colon  with  a  large 
irregular  idceration  in  midtransverse  colon. 

Fig.  68.  Granulomatous  ileocolitis.  Moderate  degree  of  narrowing  and  rigidity  of  the 
entire  colon  with  ulceration  of  the  mucosa  and  numerous  small  inflammatory  polyps.  This 
type  of  diffu.?e  involvement  can  be  seen  in  both  ulcerative  and  granulomatous  colitis. 
Involvement  of  the  terminal  ileum  with  tyjiical  regional  enteritis  enables  the  radiologist 
to  make  a  diagnosis  of  granidomatous  ileocolitis. 

Fig.  69.  Granulomatous  ileocolitis.  Diffuse  ulceration  of  the  entire  colon.  There  is  a 
perfoi'.-itidii  of  the  terminal  ileum  with  a  large  fistulous  communication.  This  finding  is 
as.-;(ici:itr(l  w  ith  granulomatous  disease  rather  than  idcerati\'o  colitis. 

Fic,  70.  Granulomatous  ileocolitis.  Again  the  finding,*  in  the  colon  could  be  those  of 
ulcerative  or  granulomatous  colitis.  The  findings  in  the  ilevmi,  with  fi.stula  formation, 
marked  narrowing  and  rigidity,  are  tho.«e  of  regional  enteritis  and  therefore  the  process  is 
granulomatous  ileocolitis. 
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Fig.  71.  Granulomatous  ileocoliti.^.  Multijilr  .^iiiodih  .-tnctures  in  granulomatous  ileo- 
colitis. To  the  jiresent  time  these  stricture.s  have  not  been  a?.sociatc(i  with  a  rareinoma. 

Fig.  72.  Granulomatous  colitis.  Multiple  strictures  characteristic  of  granulomatous  coli- 
tis. 

Fig.  73.  Granulomatous  colitis.  Distal  half  of  the  transverse  colon  is  narrowed.  Another 
short  segment  of  narrowing  is  seen  in  mid-descending  colon.  In  the  absence  of  granuloma- 
tous disease  elsewhere  differentiation  of  the  latter  lesion  from  a  carcinoma  would  be  diffi- 
cult. 

Fig.  74.  Granulomatous  colitis.  Marked  shortening  and  narrowing  of  the  left  side  of 
the  colon.  Rectum  is  also  involved. 


Fio.  75  A  and  B.  Cirinuilomatoiis  i'(j1iIis.  Imoh cinriit  of  tlic  entire  eolon  with  an  in- 
iiainniatorv  processs  and  a  stricture  iti  I  lie  sigmoid.  Differentiation  of  this  ca.se  from  a 
carcinoma  in  ulcerative  colitis  i.s  difficult.  The  evacuation  film,  however,  reveals  definite 
involvement  of  the  terminal  ileum  with  granulomatous  disease,  indicating  that  the  stricture 
is  probably  benign.  Clinical  features  were  those  of  granulomatous  colitis. 
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Fig.  77.  Granulomatous  ileocolitis.  The  alterations  in  the  colon  .simulate  burnt-out  ulcer- 
ative colitis.  Presence  of  a  fistula  in  the  terminal  ileum,  however,  is  characteristic  of  regional 
enteritis.  The  findings  in  the  colon  therefore  are  due  to  granulomatous  di-sease. 
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Fig.  78.  Ileostomy  dysfunction.  Ileum  proximal  to  the  stoma  is  slightly  dilated  with 
increased  secretions  and  slight  irregularity  of  the  contour.  No  evidence  of  narrowmg  or 
rigidity.  The  findings  here  are  due  to  ob.struction  at  stoma. 


Fig.  79.  Granulomatous  ileitis  following  ik^ostomy  for  granulomatous  ileocolitis.  Ileum 
adjacent  to  the  ileostomy  is  narrowed  and  rigid.  Tiie  findings  here  are  in  contrast  with  the 
findings  seen  in  ileostomy  dysfunction  and  are  due  to  extension  of  the  granulomatous  proc- 
ess following  surgery. 
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Serial  X-ray  Films  Demonstrate  the  Progression  of  Granulomatous 
Disease  In  One  Patient  Following  Surgical  Intervention 


Fig.  80.  Granulomatous  ileocolitis  (5/22/53).  Terminal  ileum,  distal  two-thirds  of  trans- 
verse colon  and  proximal  third  of  descending  colon  are  involved. 

Fig.  81.  One  year  later,  (5/13/54).  Findings  are  essentiallj'  unchanged  from  the  previous 
examination. 


Fig.  82.  Same  case,  evacuation  film  (5/13/54).  Nodular  irregular  pattern  of  granuloma- 
tous disease  is  noted  in  the  involved  segments  of  small  bowel  and  colon.  Extent  of  inflam- 
matory disease  is  often  better  demonstrated  on  a  motility  or  evacuation  film. 

Fig.  83.  One  month  status  following  ileo-ascending  colo-stomy  and  colocolostomy 
(7/9/54).  New  terminal  ileum  and  remaining  segments  of  colon  are  normal. 

Fig.  84.  Recurrent  granulomatous  ileocolitis  (11/2/54).  Four  months  after  surger.y  there 
is  recurrence  in  the  ileum  adjacent  to  the  anastomosis  and  in  the  colon. 

Fig.  85.  (9/24/56).  Two  years  later  the  inflammatorj'  process  in  the  ileum  and  colon  is 
more  marked. 

Fig.  86.  (6/23/58).  Four  j-ears  after  surgery  there  is  a  considerable  degree  of  narrowing, 
rigidity  and  shortening  of  new  terminal  ileum  and  the  colon.  Inflammatory  polyps  are  also 
noted. 

Fig.  87.  One  year  following  ileostomy  and  colectomy  (2/18/61).  Recurrent  inflammatory 
disease  in  ileum  adjacent  to  the  stoma. 
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Figs.  82-87 
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The  roent<i('n  findings  in  ileostomy  dysfunction  and  granulomatous  prestomal 
ileitis  differ.  In  ileostomy  dysfunction  the  ileum  is  dilated  with  considerably 
increasetl  secretions.  The  folds  are  slightly  thickened  and  ulcerations  are  mini- 
mal and  ditlicult  to  identify  (Fig  78,  79 1.  \\'hen  ])rest()mal  granulomatous  ilei- 
tis develoi)s,  howevei',  the  roentgen  findings  ai'e  identical  to  those  described 
pi'eviously  for  regional  enteritis  (Fig  80 1. 


Fig.  88.  Regional  enteritis  with  nuiiieruus  sinus  tracts  extending;  into  mesentery. 
Fig.  89.  Same  case  as  Fig.  88,  recurrence  after  surgery.  Four  months  after  ileotransverse 
colostomy  there  is  recurrence  in  the  transverse  colon.  Recurrence  is  more  likely  following 
resection  when  ulceration  and  fistulae  are  prominent  preoperative  features  of  the  disease. 
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Non-si)eoific  ulcerative  colitis,  a  distinct  clinical  entity,  has  been  known 
to  us  for  over  a  hundred  years  as  an  ulcerative  disease  originating  in  and 
involving  the  distal  rectosigmoid  area  and  to  an  extent  the  pi-oxinial  colon. 
This  is  not  a  granulomatous  disease;  even  when  in  its  most  extensive  and 
severe  form  it  crosses  the  ileocecal  valve  and  invades  the  distal  ileum,  the  re- 
flux involvement  of  the  distal  small  bowel  is  ulcerative  and  not  granulomatous. 

Right-sided  or  segmental  colitis  is  an  entirely  different  ty])e  of  disease  prob- 
ably caused  by  a  similar  though  in  other  ways  different  etiologic  agent.  Seg- 
mental colitis  is  characterized  essentially  by  its  tendency  to  produce  a  granu- 
lomatous type  of  inflammatory  proliferative  disease  in  the  more  ])roximal 
colon. 

Since  1932  (1)  w'e  have  been  familiar  with  granulomatous  disease  of  the 
small  bowel,  under  the  title  of  regional  ileitis  with  its  tendency  to  fistula  forma- 
tion, internal  and  external,  perirectal  infection,  abdominal  mass,  intestinal  ob- 
struction and  gross  hemorrhage.  The  original  description  which  regarded  the 
disease  as  confined  to  the  lowermost  segment  or  segments  of  the  small  bowel 
was  soon  corrected  since  it  was  demonstrated  that  in  approximtitely  17  per 
cent  or  more  of  cases  the  granulomatous  disease  did  i)ass  over  the  ileocecal 
"barrier"  to  produce  a  form  of  combined  ileo-colitis.  But  this  disease  is  and 
remains  essentially  a  granulomatous  disease  of  the  small  bowel  (2,  3) . 

In  1930  Bargen  and  Weber  (4)  ])ublished  a  series  of  cases  under  the  title 
"Regional  migratory  chronic  ulcerative  colitis";  in  1938  Crohn  and  Bei'g  (5) 
described  a  syndrome:  "Right-sided  (regional)  Colitis",  both  authors  im- 
plying that  this  was  a  form  of  colitis  or  ulcerative  colitis  differing  from  the 
conventional  rectosigmoid  type  only  in  so  far  as  the  disease  emanated  from 
the  right  not  the  left  colon,  involved  the  proximal  colon  either  in  a  patchy 
localized  predominately  right-sided  anatomical  distribution  oi'  involved  a 
continuous  distal  extension  from  proximal  colon  to  distal  sigmoid. 

With  increasing  exi)erience  it  was  soon  recognized  that  in  over  80  per  cent 
of  "right-sided  cases"  the  terminal  ileum  was  extensively  involved  as  a  truly 
granulomatous  process  (combined  ileo-colitis)  (6,  7). 

In  the  last  decade  British  clinicians  and  other  pathologists  (8)  have  con- 
tinually emphasized  that  what  in  this  country  we  were  calling  "segmental 
colitis"  was  truly  a  granulomatous  disease  identical  or  similar  to  the  familiar 
type  of  regional  ileitis  and  that  this  "right-sided"  disease  was  not  ulcerative 
but  was  truly  granulomatous  in  nature  (9,  10). 

Many  of  us,  myself  in  particular,  altered  opinion  slowly,  hesitating  to  admit 
that  the  segmental  were  truly  granulomatous  in  nature.  But  over  the  course 
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of  years  and  witli  more  extensive  study  on  tlie  part  of  the  pathologist,  it  would 
seem  that  not  only  because  of  fact,  but  also  in  the  interest  of  simplification 
one  must  accept  as  truh'  granulomatous  disease  all  cases  of  so-called  right-sided 
colitis.  This  is  particularly  true  since  we  now  realize  that  in  over  40  per  cent 
of  the  cases  the  diseases  extended  into  and  was  continuous  with  an  identical 
granulomatous  process  in  the  ileum.  Therefore  the  term  "granulomatous  colitis"' 
should  be  accepted  as  a  class  term  to  cover  not  only  the  anatomically  isolated 
forms  of  right-sided  colitis,  but  also  the  combined  forms  of  ileitis  and  colitis 
(ilco-colitis  I  or  the  combined  forms  of  jiredominantly  colitis  and  ileitis  fcolo- 
ileitis  i . 

Anatomical  Distnbution  of  the  Various  Types  of  Granulomatous  Colitis 

The  relative  frequency  of  these  inflammatory  intestinal  diseases  may  be 
generally  surmised  from  our  personal  experience  in  consultation  practice 
over  the  course  of  manj-  years.  Our  files  include  to  date  approximately  1800 
cases  of  non-specific  ulcerative  colitis;  almost  1000  cases  of  regional  ileitis 
and  291  cases  of  segmental  granulomatous  disease  of  the  colon.  It  is  evident 
that  the  incidence  of  granulomatous  disease  of  the  colon  is  relatively  low 
compared  both  to  ulcerative  colitis  and  to  regional  ileitis. 

The  anatomical  distribution  of  the  ixithological  process  in  the  291  cases  of 
granulomatous  colitis  was  as  follows: 

Ascending  colon  alone 
Hepatic  flexure  (and  transverse  colon) 
Splenic  flexure  (isolated  form) 
Entire  proximal  colon  to  sigmoid 

Combined  ileo-colit is.  hotli  ileum  and  colon  extensively  in 
volved 

Total       291  eases 

Recent  and  more  extensive  knowledge  of  the  pathology  of  acute  regional 
ileitis  may  explain  the  sequence  and  transition  from  acute  to  chronic  granu- 
lomatous disease.  Until  recently  we  had  never  had  in  our  possession  sections 
and  stained  slides  of  the  pathology  of  acute  regional  ileitis.  In  one  recent 
experience  (courtesy  of  Princeton  Hospital),  a  resection  of  the  terminal 
ileum  was  performed  under  the  mistaken  impression  that  the  surgeon  was 
dealing  with  a  neoplastic  process.  The  pathology  was  that  of  an  acute  sup- 
purative necrotizing  inflammation  of  such  severity  that  the  acutely  inflamed 
small  bowel  had  perforated.  Perforation  occurred  in  eight  of  my  more  recent 
series  (42  cases)  of  acute  ileitis. 

In  a  second  fulminating  acute  case  (courtesy  of  Bethesda  Xaval  Hos- 
pital) ,  two  operations  (resections)  had  been  performed  within  two  weeks.  The 
sections  of  the  small  bowel  at  the  first  operation  showed  acute  suppurative 
necrotizing  inflammation  characterized  by  infiltration  with  predominately 
polymorphonuclear  leucocytes,  lymphocytes,  histiocytes,  plasma  cells  and  re- 
ticulocytes; there  was  no  sign  of  granulomatous  change.  The  sections  obtained 


18  eases] 

42  cases ^  (Fig.  1) 
14  casesj 

91  cases  (Fig.  2) 
126  cases    (Fig.  3) 
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at  exploration  two  weeks  later  showed  bes^iiining  changes  characteristic  of 
granulonuitoiis  disease. 

It  would  seem  that  the  pathological  process  in  tlie  fulminating  acute  case  is 
initially  one  of  suppuration  and  necrosis  and  that  the  granulomatous  build- 
up begins  almost  immediately  and  extends  progressively  for  the  duration  of 
the  disease.  The  granulomatous  i)roeess  constitutes  a  continuous  attempt  on 
the  part  of  the  intestine  to  delimit  the  disease  and  prevent  its  anatomical  spread 
by  the  formation  of  gramdomatous  and  lymi)hoid  barriers  (11). 

By  contrast  the  more  familiar  acute  fulminating  ulcerative  colitis  with  pre- 
dominant rectal  and  distal  colon  involvement  never  becomes  granulomatous. 


18  Costs  42,  Cases  14  Cases 

Fk;.  1.  Segmental  Coliti.s:  proximal  colon.  Seventy-four  cases. 


Fig.  2.  Colo-Ileitis:  entire  prox- 
imal colon  to  sigmoid ;  very  limited 
involvement  of  terminal  ileum. 
Ninety-one  cases. 

Fig.  3.  Ileo-Colitis  (Combined). 
One  hundred  twenty-six  cases. 


Even  with  toxic  dilatation  of  the  proximal  colon  and  even  in  the  24  per  cent  of 
the  severest  group  of  ulcerative  colitis  in  which  the  terminal  ileum  becomes 
involved,  the  ileum  remains  ulcerative  and  never  granulomatous. 

The  isolated  or  segmental  forms  of  granulomatous  colitis  are  also  of  interest. 
The  pure  type  involving  only  cecum  and  ascending  colon  (18  cases),  the  in- 
volvement of  only  hepatic  flexure  and  transverse  colon  (42  cases)  plus  the 
instances  of  isolated  involvement  of  the  splenic  flexure  (14  cases)  together 
barely  total  25  per  cent  of  the  anatomic  distribution  (Fig  4) . 

The  next  more  common  type  consists  of  91  cases  of  granulomatous 
colitis  or  ileo-colitis  in  which  the  entire  colon  from  ileocecal  valve  to  recto- 
sigmoid area  is  continuously  involved  (Fig  5,  6).  The  most  interesting  fact 
here  is  that  even  when  observed  for  years  this  process  will  not  pass  the  recto- 
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sigmoid  area.  It  would  almost  appear  that  the  rectosigmoid  ai'ea  constitutes 
a  barrier  to  the  i)rogressiou  of  the  pathological  process  provided  no  sur- 
gery is  ])erformt'd.  Why  the  lesion  halts  at  this  nodal  po'mi  is  difficult  to  un- 


FiG.  4.  Radiogiaph.  Invol\-ement  of  proximal  colon  ascending  to  mid-transverse  colon. 

Fig.  5.  Radiograph.  Colo-Ileitis:  entire  colon  to  sigmoid-involvement  of  entire  distal 
ileum. 

Fig.  6.  Radiograph.  Entire  proximal  colon  to  mid-descendens. 
Fig.  7.  Radiograph.  Granulomatous  Colitis  involving  mainly  sigmoid  and  rectum. 

derstand.  By  analogy  megacolon  or  Hirschsprung's  disease  spares  the  rectum 
and  beginning  at  this  nodal  jioint  involves  the  proximal  colon  for  ^■arying 
extents.  Pei'haps  a  myenteric  sympathetic  ganglion  jjlexus  eonti'ols  this  area 
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just  as  achalasia  represents  a  disordered  regulation  of  the  myenteric  plexus  at 
the  esophago-cardia  junction.*  If  the  entire  proximal  colon  be  resected  and  the 
ileum  be  anastomosed  to  the  sigmoid,  in  50  per  cent  of  these  cases  the  pre- 
viously normal  rectum  now  becomes  the  seat  of  a  severe  ulcerative  colitis.  In 
the  past  we  had  always  considered  this  involvement  of  the  rectum  to  be  ul- 
cerative and  hemorrhagic  as  seen  by  sigmoidoscopy  and  biopsy — a  fact  which 
led  to  the  belief  that  the  rectum  and  rectal  membrane  were  immune  to  the 
granulomatous  type  of  disease.  However,  in  the  ulcerative  and  granulomatous 
forms  of  disease  rectal  and  perirectal  abscesses  and  fistulas  and  rectovaginal 
fistulas  occurred  in  approximately  37  per  cent  of  the  cases.  These  rectal  com- 
plications were  thought  to  be  purely  suppurative  in  nature  and  not  granuloma- 
tous. So  too  the  postoperative  recurrence  of  the  disease  in  the  rectal  segment  has 
had  the  appearance  of  simple  inflammatory  involvement.  However  Lockhard- 
Mummery  and  Morson  (12)  have  recently  demonstrated  cases  of  true  granulo- 
matous disease  of  the  rectum  and  perirectal  tissues.  The  concept  that  the  rectum 
is  absolutely  immune  to  granulomatous  disease  must  therefore  be  modified  to 
"relatively"  rather  than  absolutely  immune.  In  a  later  publication  (13)  the 
same  authors  recount  three  cases  in  which  the  rectum  and  the  rectal  ampulla 
only  w'ere  involved  in  granulomatous  disease;  and  further  state  that  in  their 
experience  the  rectum  was  involved  with  granulomatous  or  sarcoid  disease  in 
50  per  cent  of  the  cases  (Fig  7) . 

In  classical  regional  terminal  ileitis  fistulas  from  the  ileum  to  the  sigmoid 
constitute  a  frequent  form  of  internal  fistulization.  In  two  of  our  recent  cases 
while  attempting  to  resect  the  ileitis,  it  was  necessary  because  of  multiple 
fistulas  to  resect  the  area  of  the  sigmoid  involved  with  these  fistulas.  The 
resected  sleeve  of  sigmoid  was  definitely  granulomatous  in  nature  constituting 
an  implantation  by  direct  extension  (Fig  8). 

The  final  form  of  granulomatous  colitis  comprises  126  cases  of  "combined 
ileo-colitis"  wherein  both  extensive  areas  of  the  distal  ileum  and  extensive 
areas  of  the  proximal  colon  are  simultaneously  involved  in  most  typical  granu- 
lomatous disease.  Because  of  the  predominance  of  areas  of  colonic  involve- 
ment the  suggestion  has  been  made  that  this  type  be  called  "colo-ileitis",  but 
this  would  seem  only  to  compound  an  already  overburdened  nomenclature. 

The  symptoms  of  this  type  of  combined  ileo-colitis  or  colo-ileitis  are  iden- 
tical with  those  that  characterize  the  disease  group  as  a  whole,  namely  fever, 
severe  diarrhea  and  abdominal  pain,  internal  fistulous  tracts  from  ileum  to 
colon  or  on  rare  occasions  to  transverse  colon,  to  ileum  or  even  to  duodenum 
and  the  usual  incidence  of  rectal  suppurative  complications. 

Etiological  and  Clinical  Considerations 

Of  what  clinical  and  prognostic  significance  is  the  fact  that  regional  oi- 
segmental  colitis  is  granulomatous  rather  than  ulcerative  in  its  pathological 

*  Recentlj-,  in  Brazil,  I  have  seen  radiographic  fihiis  of  cases  of  Ciiagas's  disease.  In 
this  disease  the  entire  colon  is  represented  as  a  megacolon  and  similarly  the  esophagus 
is  dilated  as  a  megaesophagus. 
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Fig.  8.  Histology  of  granulomatous  colitis,  granulomatous  ileo-colitis,  sarcoid  reaction. 
Giant-cells  at  mid  left  area  and  lower  right  (X  800). 


basis?  From  the  etiologic  point  of  view  few  if  any  differences  are  to  be 
observed.  The  age  incidence,  the  onset  of  both  types  at  the  average  age  of  27 
years  and  the  equal  involvement  of  the  sexes  is  common  to  both.  Segmental 
colitis  is  relatively  a  more  mild  form  of  the  gi'aniilomatous  diseases.  The  diar- 
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rhea  is  less  severe,  tlie  fever,  so-called  "fever  of  unknown  origin,"  may  con- 
tinue for  years  before  the  fever  and  diarrhea  are  associated.  Tlu;  same  applies 
to  the  joint  and  arthritic  manifestations  and  to  eye  complications  (iritis, 
iridocyclitis,  corneal  ulceration).  In  many  of  these  cases  the  distal  con- 
stitutional manifestations  are  severe  and  noteworthy,  and  the  milder  diar- 
rhea and  intestinal  symptoms  lead  to  many  lapses  of  diagnosis.  Granulomatous 
colitis  only  occasionally  creates  internal  intestinal  fistulas  or  fistulas  to  the 
abdominal  wall  in  contrast  to  i-egional  ileitis  in  which  they  are  so  common.  In 
both  ulcerative  colitis  and  granulomatous  colitis  erythema  nodosum  is  com- 
mon; dermatitis  gangrenosum  we  have  seen  only  in  ulcerative  colitis.  Both 
forms  interfere  with  menstruation  causing  amenorrhoea  at  the  height  of  the 
clinical  activity.  Both  types  retard  growth  in  the  prepubertal  child,  cause 
stunted  height,  delay  menses  and  delay  pubertal  maturation.  Granulomatous 
colitis  is  not  psychosomatic  in  our  viewpoint  nor  does  it  demonstrate  a  famil- 
ial tendency  such  as  is  so  often  encountered  in  regional  ileitis;  occasionally 
one  observes  a  crass  example  of  ileitis  and  of  granulomatous  colitis  in  siblings 
or  in  more  than  one  pei'son  of  a  close  membership  family.  Liver  dysfiuiction 
was  seen  only  once  in  this  series  of  cases. 

Granulomatous  colitis  appears  to  have  a  better  prognosis  than  ulcerative 
colitis  and  probably  better  than  that  of  regional  ileitis.  The  toxicity  of 
granulomatous  colitis  is  less;  the  anatomical  pathological  process  is  more 
circumscribed.  Corticosteroid  therapy  appears  to  be  more  effective  thus  re- 
ducing the  need  for  local  surgical  resection.  Gross  hemorrhage  is  more  com- 
mon in  granulomatous  colitis,  the  hemorrhage  being  extreme  and  originating 
not  from  any  vessel  or  vessels  but  from  the  entire  hemorrhagic  mucosa.  In 
this  series  gross  hemorrhage  occurred  in  26  cases  (9  per  cent)  in  comparison 
with  ileitis  (4.6  per  cent) . 

Treatment 

In  the  years  before  corticosteroid  therapy  many  cases  of  localized  granu- 
lomatous colitis  were  subjected  to  partial  colonic  resection  with  good  results 
and  with  no  recurrence.  To  a  greater  extent  than  either  regional  ileitis  or  ul- 
cerative colitis  granulomatous  colitis  appears  to  be  amenable  to  corticosteroid 
therajiy.  This  ajjplies  jiarticularly  to  the  localized  or  right-sided  segmental 
forms  which  react  favorably  to  corticosteroid  therapy  with  rapid  control  of 
diarrhea,  cessation  of  fever  and  return  of  appetite  and  weight.  The  excellent 
and  prompt  result  with  corticosteroid  therapy,  in  many  instances  with  radio- 
graphic demonstration  of  healing  and  disappearance  of  the  granulomatous 
areas,  has  made  surgical  intervention  unnecessary  in  a  large  percentage  of 
cases. 

The  corticosteroid  therapy  consists  of  prescribing  by  mouth  prednisone  5 
mgm  4  to  6  times  daily.  We  find  little  or  no  benefit  in  prescribing  the  many 
connnercial  vai'iations  of  the  proprietary  prednisones;  these  are  more  ex- 
pensive and  offer  no  advantages  except  perhaps  in  unusual  cases  of  drug 
intolerance.  In  febrile  cases  or  where  immediate  results  are  mandatory  be- 
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cause  of  the  severity  of  the  disease,  the  oral  steroids  should  he  supplemented  by 
intramuscular  injections  of  soluble  ACTH  such  as  ACTH  gel  or  zinc  cortico- 
tropin 40  units  daily  for  several  days  and  then  intermittently  in  diminishing 
freciuency  as  clinical  improvement  is  achieved.  This  type  of  corticosteroid 
therapy  is  safe,  peptic  ulceration  very  unusual  (four  times  in  the  course  of 
years) ;  intestinal  perforation  was  not  encountered.  Corticosteroids  in  moder- 
ate doses  may  be  continued  for  long  periods  of  time  without  untoward  reac- 
tions. A  rise  of  blood  pressure  is  very  unusual;  glycosuria  has  in  tliis  series 
never  been  encountered,  nor  has  osteoporosis  been  observed. 

The  oral  administration  of  cortisone  products  must  be  continued  over  long 
periods  of  time  in  diminishing  dosage  as  improvement  is  achieved.  Even 
very  small  doses  of  cortisone,  5  to  10  milligrams  of  prednisone,  should  be 
continued  indefinitely  as  maintenance  dosage  to  prevent  recurrence  of  symp- 
toms. In  the  advanced  or  combined  cases  no  claim  for  "cure"  can  be  made, 
but  as  palliative  treatment  the  corticosteroids  are  unsurpassed.  In  some  of  the 
regional  or  localized  segmental  forms  even  '"cure"  as  checked  by  radiographic 
examination  can  occasionally  be  demonstrated.  Antibiotics  are  rarely  em- 
ployed except  for  suppurative  complications.  The  diet  may  be  general  and 
liberal;  much  physical  rest  is  essential.  Psychotherapy  maj'  be  helpful  in 
persons  with  complex  personal  problems,  but  is  not  curative. 

In  those  cases  which  do  not  respond  to  this  type  of  therapy  and  in  which 
the  lesion  progresses  to  the  rectosigmoid  area  with  persistence  of  active 
symptoms  surgical  intervention  becomes  mandatory.  A  two-stage  procedure, 
subtotal  resection  of  the  entire  colon  down  to  the  sigmoid  with  a  temporary 
sigmoid  colostomy,  or  a  one-stage  colectomy  and  ilcosigmoidostomy  is  the 
procedure  of  choice.  Unfortunately  in  approximately  50  per  cent  of  the  cases 
reported  in  1947  (14)  immediate  or  eventual  involvement  of  the  rectum  took 
place.  In  such  cases  permanent  ileostomy  is  the  only  choice  and  gives  a 
good  result  with  a  continued  normal  life  span. 

In  our  experience  we  have  observed  only  two  instances  of  carcinoma  of 
the  colon  (distal  transverse  segment)  complicating  a  case  of  granulomatous 
colitis.  This  is  in  contrast  to  the  high  incitlence  of  carcinoma  as  a  complica- 
tion of  ulcerative  colitis. 

The  recent  report  of  a  case  of  multiple  carcinoma  of  the  colon  in  ul- 
cerative colitis  with  a  definite  carcinoma  in  the  terminal  ileum  is  very  ex- 
ceptional but  only  confirms  the  impression  that  the  back-wash  of  reflux 
ileitis  of  universal  colitis  is  ulcerative  in  nature  and  not  granulomatous  (15). 

Progyjosis 

It  is  essential  to  gain  some  general  impression  of  the  prognosis  in  granu- 
lomatous colitis,  particularly  the  end  results  of  conservative  medical  versus 
radical  surgical  procedures.  The  following  tables  are  based  upon  a  conscien- 
tiously attempted  but  nevertheless  incomplete  follow  up  of  cases  since  1938; 
the  material  is  from  private  practice,  much  or  most  of  it  referred,  fre- 
quently from  distant  geographical  areas  and  hence  difficult  to  trace.  The 
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follow  up  covers  approxiiiKitely  7U  per  cent  of  the  total  registered  cases  to 
date  regardless  of  age,  sex  or  associated  diseases.  All  cases  were  treated  in  the 
same  manner  with  corticosteroid  therapy. 

In  the  localized  proximal  foinis  involving  ascending  and  transverse  colon 
(Table  I)  one  gains  the  impression  of  a  relatively  benign  disease  with  a 
fairly  high  percentage  of  "cure"  or  durable  improvement  (24  of  34  cases). 
Those  cases  in  which  resection  was  performed  reported  an  excellent  and 
permanent  result. 

The  more  severe  type  of  granulomatous  colitis  with  diffuse,  subtotal  in- 
volvement to  or  including  the  sigmoid  gives  a  far  more  serious  prognosis. 

TABLE  I 
Therapeutic  Results:  Partial  Follow  Up 


Cases 

Ascending  Colon 

Medical  Treatment 

Well   18 

Surgical  Treatment 

Well   5 

Poor   1 

Died  (Carcinoma)   1 

25 

Transverse  Colon 
Medical  Treatment 

Well   6 

Surgical  Treatment 
(Recurrence) 

Well   2 

Died   1 

9 

Total  34  Cases 

2  Deaths 


Medical  treatment  here  has  its  limitations  (Table  II) ;  only  17  of  73  cases 
being  reportedly  "well"  or  continuing  to  live  an  active  life  free  of  symptoms. 
This  too  is  very  gratifying  and  often  quite  surprising.  The  remaining  50  of 
the  73  cases  had  by  necessity  recourse  to  surgical  intervention.  The  operation 
of  choice  is  a  subtotal  colectomy  with  ileosigmoidostomy,  the  procedure  being 
performed  in  one  or  in  two  stages.  The  follow  up  findings  of  resection  in  these 
cases  are  fair,  approximately  70  per  cent  of  the  survivors  doing  well  or  very 
well  although  the  surgical  mortality  rate  is  high  and  life  often  is  saved  only 
by  recourse  to  permanent  ileostomy  (20  cases) . 

In  the  final  and  largest  group  (Table  III)  comprising  the  cases  with  ex- 
tensive disease  of  both  colon  and  ileum  (combined  ileo-colitis)  the  progno- 
sis is  again  seen  to  be  grave.  Medical  treatment  was  less  successful  and  was 
possible  only  in  the  few  relatively  mild  cases  and  those  free  of  fistulous,  sys- 
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temic  or  other  complications.  The  surgical  treatment;  radical  resection  or  oc- 
casionally short-circuiting  operations,  is  often  most  satisfactory  even  though 
the  operative  mortality  is  high  and  permanent  ileostomy  represents  the  final 
life-saving  measure  in  a  large  percentage  of  the  cases  (20  per  cent) . 

TABLE  II 
Therapeutic  Results:  Partial  Follow  Up 


Cases 

Subtotal  Colitis-Colo-Ileitis 
Medical  Treatment 

Well   17 

Poor   3 

Died  (Uremia,  Cirrho.sis,  fulminating  diseases)   3 

Surgical  Treatment 

(Including  ileostomy  20) 

Well   35 

Poor   5 

Died   10 

Total  73  Cases 

13  Deaths 


TABLE  III 

Therapeutic  Results:  Partial  FolUm  Up 


Cases 

Combined  Ileo-Colitis 
Medical  Treatment 

Well   20 

Improved   2 

Poor   3 

Died   2 

Surgical  Treatment 

(Including:  resections  50;  short-circuit  10;  ileostomy  12) 

Well    43 

Improved   3 

Poor   6 

Died   8 

Total  87  Cases 

10  Deaths 


SUMMARY 

The  general  impression  from  even  an  incomplete  follow  up  study  is  that 
conservative  treatment  of  granulomatous  colitis  is  successful  in  approximately 
only  twenty  per  cent  of  cases.  Yet  the  occasional  brilliant  and  striking  thera- 
peutic effect  of  conservative  therapy  particularly  in  the  proximal  forms  as 
shown  (though  rarely)  by  radiographic  evidence  of  reversal  of  the  disease  proc- 
ess certainly  speaks  for  a  fair  and  extended  trial. 
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The  rciiuiiiiiiig  cases  I'cpi'cscnt  ob\'ious  I'ailui'es  uf  iiicdical  Lreatment.  Opei- 
ation  is  indicated  mainly  lor  massive  hemorrhage,  i)rotracted  fever,  systemic 
manifestations,  perirectal  fistulas  or  for  intractability  in  general. 

The  surgical  mortality  rate  is  high  and  the  fact  that  ileostomy  is  so  often 
the  eventual  recourse  calls  for  considerate  and  deliberate  judgment  when  advo- 
cating radical  surgical  thei'apy. 
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It  is  now  clear  that  the  newborn  infant  when  appropriately  stimulated  is 
able  to  produce  a  variety  of  antibodies  (1).  Even  the  prematurely  born  has 
been  shown  to  respond  to  the  parenteral  injection  of  diphtheria  (2)  and  Sal- 
monella vaccines  (3),  to  infection  with  an  enteropathogenic  Escherichia  coli  (4) 
and  wdth  adeno  and  echo  viruses  (5).  Infection  with  rubella  virus  while  in- 
utero  leads  the  infant  to  make  specific  antibodies  (6).  How^ever,  all  infec- 
tious agents  are  not  equally  good  antigens  and  this  is  especially  true  in  the 
neonatal  period  (1).  If  we  are  to  understand  resistance  in  this  early  period 
of  life,  we  must  have  more  data.  In  particular,  we  must  know  how  newborn 
infants,  full  term  and  premature,  respond  immunologically  to  specific  natu- 
rally acquired  infections. 

Escherichia  coli  are  a  part  of  the  natural  environment  of  the  newborn  in- 
fant. The  frequency  with  which  the  different  serotypes  are  encountered  varies 
(7).  The  04  serotyi)e  is  not  considered  an  enteropathogen.  However  it  is  of 
interest  to  pediatricians  because  of  its  frequent  association  with  urinary  tract 
infections  (8).  In  nurseries  for  prematures  it  has  been  associated  with  epi- 
demics of  pyuria  and  sepsis  (9,  10).  It  has  been  shown  that  infection  with 
E.  coli  04  results  in  the  production  of  specific  hemagglutinins  by  adults  (11). 
However,  we  are  not  aware  that  newborns  or  premature  infants  have  been 
investigated  previously  for  the  development  of  these  specific  antibodies. 

It  is  the  purpose  of  this  report  to  present  the  results  from  a  study  of  the 
development  of  the  E.  coli  O4  hemagglutinin  antibody  by  three  premature  in- 
fants, each  of  whom  acquired  an  E.  coli  04  infection  while  still  in  the  hospital 
nursery. 

MATERIAL  AND  METHODS 

Sera.  Venous  or  cord  blood  was  collected  aseptically.  The  serum  was  sepa- 
rated and  stored  at  approximately  minus  20°C. 

Detection  of  E.  coli  04-  This  was  done  in  the  Bacteriology  Laboratory  at  the 
North  Shoi'e  Hospital  and  the  usual  diagnostic  media  were  employed.  The  E. 
coli  were  uniciue  in  that  on  human  blood  agar  they  formed  medium  sized  moist 
greyish  hemolytic  colonies.  These  were  identified  serologically  as  E.  coli  04  at  the 
Beth  Israel  Hospital  E.  coli  and  Salmonella  Center  in  New  York  City.* 

From  Pediatric  Divi.sion  and  Stanley  J.  Lagin  Pediatric  Re.searcii  Laboratory,  North 
Shore  Ho.spital,  Manhasset,  New  York  and  Pediatric  Service,  The  Mount  Sinai  Hos- 
pital, New  York,  N.  Y. 

*  Mr.  L  Rothenberg  of  the  microbiology  laboratory  at  North  Shore  Hospital  isolated  the 
E.  coli  and  Dr.  L  D.  Cocioba  of  Beth  Israel  Hospital  did  the  tyi)ing. 
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Antigen  Sources.  A',  coli  l)^  was  tliat  iccovcicmI  I'l-om  Hahy  Z;  K.  roll 
0111  :B4  was  obtainod  tVom  Nassau  (bounty  I  )c|)ai  t iiiciit  of  Health,  Bacteri- 
olof^y  Laboratory;*  the  Sfa ph jilococriis  (lurciis  was  the  Hai'tlctt  strain  used  by 
us  in  earlier  studies  (13). 

Hemagglutination  Test.  The  E.  coli  were  grown  on  trypticase  .soy  agar 
plates.  After  ovei'iiiglit  iiieui)ation  at  37°C,  the  growth  was  suspended  in  nor- 
mal saline,  5  ml  per  plate,  and  heated  in  a  bath  of  boiling  water  for  one 
hour.  After  centrifiigation  for  30  minutes,  the  supernatant  was  collected  and 
stored  at  4°C  for  72  hours  before  being  used  to  sensitize  red  blood  cells.  This 
was  done  by  exposing  10  ml  of  a  0.25  per  cent  suspension  of  human  type  () 
cells  to  2  ml  of  a  1:10  dilution  of  the  E.  coli  supernatant  for  30  minutes  at 
37°C  in  a  water  bath.  The  remaining  details  were  the  same  as  for  the 
stajihylococcal  hemagglutination  test  which  has  been  described  by  us  in  an 
earlier  report  (12) . 

Fr.\ctionation  of  Sera.  This  was  done  using  n,  M-diethyl  amino  ethyl 

TABLE  I 


Clinical  Dula  from  Three  Premahire  Infants 


Patient 

Sex 

Birth  WeiRht 

Gestational  Age 

Age  (&  weight) 
when  first  E. 

Symptoms  at  that  time 

Source  of  + 
culture 

M* 

Weight** 

coli  04  cultured 

H 

F 

1530  gm 

32  wks 

31  wks 

20  days 
(1720  gm) 

Loose  Stools 

Nose 

Throat 

Stool 

Z 

F 

Kill)  gm 

32  wks 

18  days 
(1480  gm) 

Loose  Stools 
PjMiria 

Stool 
Urine 

G 

M 

2190  gm 

34  wks 

34  wks 

14  days 
(2340  gm) 

Asymptomatic 

Stool 

*  Estimated  from  menstrual  history. 

**  Estimated  from  Ltibchenco,  et  al,  charts  (14). 


ether  (DEAE)  cellulose  colunms  with  0.02  M  jihosphate  buffer  (pH  6.3)  and  1 
M  NaCl  as  described  by  us  earlier  (12).  The  fractions  eluted  by  the  phosjihate 
buffer  contained  immunoglobulin  G  (IgG,  7S)  and  those  elicited  by  the  1  M 
NaCl  contained  immunoglobulin  M  (IgM,  19S)  (13)  and  other  serum  proteins. 
This  separation  is  not  as  clear  as  one  that  might  have  been  obtained  if  an 
ultracentrifuge  with  sucrose  gradients  had  been  used.  However  the  column 
technirjue  lends  itself  to  work  in  a  small  laboratory,  and  the  trace  amounts  of 
contaminants  which  might  have  been  present  in  our  fractions  were  not  considered 
to  be  enough  to  significantly  change  the  results  of  our  tests. 

results 

The  significant  clinical  details  foi-  each  of  the  three  patients  are  given  in 
Table  I,  There  were  two  females  and  one  male  patient.  The  birth  weights  were 
1530  gm,  11 16  gm  and  2190  gm.  The  gestational  ages  (as  estimated  both  from 
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history  of  last  niciistrual  pci-iod  and  Ijihcliciico  ct  al  (14)  hirtli  wcij^lit  charts) 
ranged  from  31  to  34  weeks.  Between  the  second  and  thiid  weeks  of  life  all 
were  found  to  he  harboring  E.  coli  04-  One  infant  was  asymptomatic  and 
the  other  two  came  to  our  attention  because  of  loose  stools.  One  of  these  two 
was  also  found  to  luive  a  urinary  tract  infection.  None  had  sepsis. 

The  results  of  the  serological  studies  are  summarized  in  Table  II.  Baby  H 
was  found  to  have  a  1:160  titer  of  siiecific  hemagglutinating  antibody  two 
weeks  after  the  first  positive  culture.  This  same  titer  was  still  present  16 
weeks  later.  Baby  Z  did  not  have  any  detectable  antibody  two  weeks  after 
her  infection  was  discovered,  but  by  four  weeks  the  titer  was  1:160,  by 
16  weeks  1:320  and  by  22  weeks  1:640.  Because  of  persistent  pyuria  and  bac- 
illuria  she  was  treated  with  a  variety  of  antibiotics  and  eventually  cleared. 
Baby  G  was  found  to  have  E.  coli  04  in  his  stools  during  a  routine  survey 
shortly  before  discharge  from  the  nursery.  At  that  time  there  was  no  de- 

TABLE  II 


Development  of  E.  Coli  04  Hemagglutinins  in  Three  Premature  Infants 


Patient 

Cord  Blood 

Weeks  After  First  Positive  Culture 

0 

2 

4 

8 

16 

22 

H 

160* 

IGO 

Z 

<20 

160 

320 

640 

G 

<20 

<20 

80 

*  Reciprocal  of  highest  dilution  giving  positive  reaction. 


tectable  antibody.  When  examined  eight  weeks  later  he  was  still  well,  but  his 
hemagglutinin  titer  was  1 :80  and  he  still  carried  E.  coli  04  in  his  stools. 

Cord  serum  was  available  from  only  one  of  these  three  prematures,  Baby 
G.  It  was  free  of  any  E.  coli  hemagglutinin.  However,  cord  sera  from  24  other 
infants  in  our  nursery  were  also  tested.  Nineteen  had  no  E.  coli  04  titer;  the 
remaining  five  had  eriuivocal  levels  of  only  1 : 20.  When  sera  from  24  ran- 
domly selected  adults  were  screened,  16  had  titers  greater  than  1 : 200  for  E. 
coli  04  hemagglutinin. 

The  16  week  serum  from  Baby  H  and  the  22  week  serum  from  Baby  Z 
were  fractionated  on  DEAE  columns  in  order  to  determine  the  class  of  anti- 
body present.  All  of  the  H  serum  hemagglutinin  and  all  except  for  a  trace 
of  the  Z  serum  hemagglutinin  was  in  the  1  M  NaCl  fractions  which  contain 
the  immunoglobulin  M  (IgAI  ). 

As  a  control  for  the  specificity  of  the  E.  coli  04  reaction,  the  sera  from  all 
three  patients  were  tested  also  with  red  blood  cells  sensitized  with  an  ex- 
tract made  w'ith  E.  coli  0111  :B4  and  with  one  made  with  a  strain  of  Staphylo- 
coccus aureus.  None  reacted  with  the  E.  coli  0111  :B4  sensitized  cells.  How- 
ever baby  Z's  22  w-eek  (5  month)  specimen  showed  a  1:160  titer  with  the 
cells  treated  with  staphylococcal  extract.  This  child's  earlier  sera  did  not 
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agglutinate  llicsc  cells.  At  the  time  I  lie  22  week  sei'uin  was  collectecl  tVoiii  Z, 
she  was  recovering  from  an  episode  of  pneumonitis  duriiiy;  wliirh  ;i  Shiph  i/ln- 
cocciis  ourcus  had  heen  i-eco\'ered  from  liei-  tln'oat. 

.  DISCUSSION 

It  is  clear  from  our  investigation  that  j)rematurely  born  infants  who  acquire 
E.  coll  04  from  their  environment  can  respond  w'ith  the  production  of  a 
specific  antibody — even  within  the  first  month  of  life.  This  is  in  striking  con- 
trast to  the  immunological  behavior  of  young  infants  who  recover  from 
staphylococcal  pneumonia.  I'nless  they  are  at  least  four  months  old  they 
fail  to  produce  staphylococcal  hemagglutinins  (12). 

Our  study  of  24  cord  sera  confirmed  earlier  observations  by  Neter,  et  al 
(15)  that  very  little  E.  coli  antibody  crosses  the  placenta.  None  of  our  cord 
sera  had  titers  greater  than  1:20.  This  may  also  be  contrasted  with  our  pre- 
viously reported  studies  of  staj^hylococcal  hemagglutinins  (12).  Twenty-one 
of  28  cord  sera  tested  for  staphylococcal  hemagglutinin  had  titers  greater  than 
1:20.  Perhaps  the  presence  of  passively  acquired  antibody  influences  an  in- 
fant's ability  to  respond  to  infection.  It  is  significant  that  among  37  randomly 
collected  sera  from  infants  under  one  year  of  age  we  found  E.  coli  04  hemag- 
glutinin titers  of  1:80  or  greater  in  nine  infants.  Five  of  these  infants  were 
only  three  months  old.  In  a  similar  survey  for  actively  acquired  staphylococcal 
hemagglutinin,  12  of  63  infants  had  titers  of  1:80  or  greater.  However,  all  of 
these  twelve  were  more  than  four  months  old  (12).  It  is  obviously  difficult  to 
generalize  regarding  the  immunological  resjjonsiveness  of  the  young  infant. 

There  is  data  to  suggest  that  the  duration  of  E.  coli  pyelonejihritis  is  short- 
ened if  specific  antibody  is  present  (16).  Since  the  04  serotype  is  frequently 
associated  with  urinary  infections  (as  it  was  in  one  of  our  three  patients)  the 
ability  of  the  very  young  infant  to  respond  immunologically  to  this  organism 
may  be  important. 

SUMMARY 

The  immunological  response  to  naturally  accjuired  E.  coli  04  infection  of 
three  infants  who  were  born  prematurely  (after  31  to  34  weeks  gestation)  is 
noted.  Although  the  infections  were  apparently  initiated  when  the  infants  were 
only  2  to  3  weeks  in  age,  significant  specific  hemagglutination  titers  w'ere  de- 
tected two  and  four  weeks  later.  This  antibody  was  shown  to  be  in  the 
macroglobulin  (IgM)  fraction  by  DEAE  column  chromatography.  The 
prompt  immunological  response  of  these  premature  infants  to  E.  coli  04  is 
contrasted  to  the  lack  of  response,  previously  noted  by  us  of  full  term  new- 
borns to  staphylococcal  infection. 
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New  York,  N.  V. 

CASE  NO.  267 

A  37-yoar  old  wliitc  male  was  admitted  to  the  liospitui  because  of  li^ht  up- 
per quadrant  pain  and  jaundice.  Past  history  revealed  several  bouts  of  fever, 
cpig:astric  pain  and  obstructive  jaundice  four  years  prior  to  admission  at 
which  time  exploratory  laparotomy  and  biopsy  had  revealed  constrictive 
choledochitis  with  serosal  fibrosis.  A  liver  biopsy  at  that  time  showed  es- 
sentially normal  liver  architecture  with  minimal  bile  stasis.  The  common  bile 
duct  was  drained  via  a  T  tube  for  the  next  six  months  and  the  patient  was 
treated  with  steroids  and  cholegogues.  Intcr-val  T  tube  cholangiograms  .showed 
increasing  caliber  of  the  distal  common  duct  and  the  T  tube  was  removetl. 

Liver  chemistries  during  the  course  of  the  present  admission  showed  a  mild 
to  moderate  elevation  of  alkaline  phosphatase,  total  bilirubin  (mainly  direct 
fraction)  and  transaminase  which  gradually  returned  toward  normal.  Cepha- 
lin  flocculation  remained  at  2  plus.  Liver  biopsy  revealed  normal  liver  tissue 
with  no  evidence  of  bile  stasis,  inflammation  or  fibrosis. 

Chest  X-ray  showed  no  abnormality.  Intravenous  cholangiography  (Chole- 
grafin)  on  admission  failed  to  visualize  the  biliary  system,  and  was  repeated 
ten  days  later.  At  that  time,  the  common  duct  system  was  entirely  normal  and 
visualized  promptly  and  well.  There  was  no  evidence  of  obstruction  and  the 
lower  end  of  the  duct  tapered  smoothly  with  prompt  passage  of  opaque  mate- 
rial into  the  duodenum.  Laminograms  were  included  in  the  study.  The  gall- 
bladder filled  prom])tly  during  the  intravenous  study.  Many  radiographs  were 
obtained  including  upright  spot  films  and  lateral  decubitus  projections  (Fig 
la,  b).  All  of  the  horizontal  ray  films  demonstrated  a  broad  non-opacified 
layer  in  the  gallbladder  which  changed  its  location  from  upright  to  decubitus 
positions,  and  which  lay  between  opacified  bile  above  and  below.  Despite  an 
attempt  to  manipulate  the  patient  to  mix  the  bile,  this  In-oad  layer  could 
never  be  obliterated.  The  margins  of  the  gallbladder  were  smooth  and  the 
gallbladder  appeared  to  contract  after  a  fatty  meal.  Despite  the  use  of  a  fine 
focal  spot  technique  (1  mm)  no  particulate  matter  could  be  identified  in  the 
non-opacified  band  and  a  positive  diagnosis  of  calculus  could  not  be  advanced. 

The  patient  was  treated  with  steroids.  His  hospital  stay  lasted  ten  days. 
In  the  week  following  discharge  he  was  placed  on  a  high  fat  diet  in  an  attempt 
to  empty  the  gallbladder  thoroughly  and  repeatedly.  Oral  cholecystogram 
(Telepaque)  was  then  performed.  No  abnormality  was  demonstrated  in  the 
gallbladder  and  the  gallbladder  contents  were  homogeneously  opacified.  The 
study  included  many  upright  compression  spot  films  (Fig  2). 

From  the  Department  of  Radiology,  The  Mount  Sinai  Hospital,  New  York,  N.  Y. 
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DISCUSSION 

Radiologists  arc  quite  familiar  with  the  use  of  horizontal  ray  technic  to 
demonstrate  tiny  calculi  and  floating  calculi,  and  an  oral  cholecystogram  can 
be  considered  incomplete  if  a  radiograph  made  with  this  technic  is  not  in- 
cluded in  tlie  series.  However  it  is  not  very  often  that  the  need  for  horizontal 
ray  technic  arises  during  intravenous  cholangiograi)hy.  When  indicated  it 
is  usually  because  of  failure  of  the  gallbladder  to  visualize  with  previous  oral 


Case  267,  Fig.  1A.  Erect  compression  spot  film  during  intravenous  cholangiogram 
(Choiegrafin,  1  mm  tube  focal  spot)  shows  gallbladder  distended  with  opaque  material 
in  the  center  of  which  lies  a  layer  of  non-opacified  material  (between  arrows).  No  partic- 
ulate matter  can  be  seen  in  this  non-opacified  layer  and  no  stones  are  seen  at  bottom  of 
fundus.  Margins  of  the  gallbladder  are  smooth.  Common  bile  duct  is  partially  seen  on 
this  film  and  is  normal. 

Case  267,  Fig.  IB.  Lateral  decubitus  film  during  same  examination  again  demon- 
strates the  non-opacified  layer  (between  arrows). 

study,  previous  surgical  removal  or  prior  demonstration  of  gallbladder  pa- 
thology. The  sequence  of  events  in  the  case  presented  is,  therefore,  not  widely 
appreciated  although  it  has  been  carefully  studied  and  w'ell  documented  in 
the  literature. 

Jutras  (1)  has  shown  that  the  gallbladder  contents  during  intravenous  study 
(Choiegrafin)  ai-e  not  homogeneous.  The  fresh  iodinated  bile  arriving  from  the 
liver  is  lighter  than  the  non-iodinated  concentrated  bile  and  overlays  the  latter 
initially.  As  this  iodinated  bile  is  concentrated  it  sinks  to  the  bottom  and  the 
original  non-opaque  bile  is  bordered  by  an  opaque  floor  and  an  opaque  ceiling. 
These  processes  occur  simultaneously  and  in  non-homogeneous  fashion,  and 
numerous  bands  of  changing  density  have  been  observed  at  the  same  time  in 
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certain  gallbladders.  Manipulating  the  patient  is  of  no  avail  as  the  layers  are 
discrete  and  mixing  does  not  occur.  Continuing  the  examination  until  advanced 
concentration  oi-  partial  emptying  occurs  will  usually  serve  to  clarify  the 
]iicture  and  avoid  an  ci-ioucous  diagnosis  of  significant  filling  defect.  Tlii.* 
usually  occurs  within  three  hours. 

Jutras  (1)  also  suggests  that  since  patients  who  demonstrate  the  plienomenon 
of  layering  can  be  presumed  to  have  gallbladders  that  empty  poorly  and  in- 
frequently, they  tend  to  form  stones,  and  he  has  seen  such  a  flevelopment 


Case  267,  Fig.  2.  Erect  compression  spot  film  during  oral  cholecystogram  (Telepaque) 
shows  no  abnormality. 

occur  after  a  four-month  interval.  Therefore,  in  these  cases  he  recommends 
stimulation  and  complete  evacuation  of  the  gallbladder  periodically  with 
cholegogues  and  choleretic  drugs. 

Although  the  history  of  sclerosing  choledochitis  in  this  case  appears  to 
have  been  established  histologically,  one  may  speculate  as  to  whether  both 
episodes  of  jaundice  were  in  fact  caused  by  the  passage  of  small  biliary  calculi. 

Case  Report:  Layering  of  bile  during  intravenous  cholecystography. 
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CASE  NO.  268 

A  32-year  old  male  was  admitted  to  the  hospital  with  complaints  of  weak- 
ness and  shortness  of  breath  on  exertion.  Routine  laboratory  data  revealed  a 
hemoglobin  of  6  gms  and  a  stool  guaiac  reaction  of  4  plus.  Past  history  re- 
vealed that  the  patient  underwent  an  ap]X'ndectomy  and  umbilical  hernior- 
rhaphy at  the  age  of  12  at  which  time  the  surgeon  described  a  loop  of  dilated 
and  thickened  small  bowel.  There  was  no  apparent  obstruction  and  no  biopsy 
or  resection  was  jicrformed.  Two  years  prior  to  admission  the  patient  com- 
plained of  back  pain  and  jiyrosis.  Gastrointestinal  series  and  cholecystog- 
raphy were  performed  at  another  institution  and  reported  as  normal. 

A  gastrointestinal  series  was  performed.  The  esophagus,  stomach  and  duo- 
denum were  intrinsically  normal.  The  jejunal  loops  showed  no  abnormality. 
Barium  then  filled  an  enormous  bilobed  sac  which  measured  20  by  15  cm  in 
greatest  diameter.  Multijde  lucent  filling  defects  within  the  sac  were  inter- 
preted as  residual  secretions  and  ingested  material.  A  loop  of  small  bowel 
located  in  the  right  upper  cfuadrant  just  proximal  to  this  large  sac  was 
moderately  dilated.  Delayed  films  revealed  retention  of  opaque  material  in 
the  sac.  Some  loops  of  ileum  were  identified  distal  to  the  sac  and  these  were  of 
normal  caliber  (Fig  1).  The  cecum  was  located  more  medial  than  usually 
seen,  apparently  mobile.  Barium  enema  examination  showed  the  colon  to  be 
intrinsically  normal  with  a  mobile  cecum.  Reflux  into  a  few  terminal  ileal 
loops  showed  no  intrinsic  abnormality.  Differential  diagnosis  included  Meck- 
el's diverticulum,  a  duplication  of  the  bowel,  and  a  chronic  jjartial  obstruc- 
tion of  a  small  bowel  loop,  po.ssibly  associated  with  inflammatory  disease. 

The  patient  was  prepared  for  surgery.  At  lajiarotoniy,  a  very  large  dilated 
structure  was  encountered  lying  in  the  lower  abdomen  and  pelvis.  The  struc- 
ture was  twisted  180  degrees  in  a  clockwise  direction.  After  untwisting,  it  was 
seen  that  the  small  bowel  and  the  right  colon  had  no  mesenteric  attachment. 
There  were  thick  bands  which  joined  the  right  colon  to  the  region  of  the  duo- 
denimi.  The  large  dilated  segment  was  in  continuity  with  the  small  intestine 
and  was  felt  to  represent  a  large  dilated  loop  of  bowel.  It  was  resected.  The 
bands  were  lysed  and  the  bowel  fixed  to  the  posterior  abdominal  wall. 

Pathological  examination  revealed  a  large  bilobed  diverticulum  projecting 
from  tlu>  antemesenteric  border  of  a  segment  of  ileum,  measuring  12  cm  in 
maximum  diameter.  The  diverticulum  contained  undigested  vegetable  matter 
and  fecal  matter  The  mucosa  was  coarse  and  aj^peared  on  gross  examination 
more  like  gastric  mucosa  than  small  intestinal  mucosa;  however,  random 
sections  showed  only  small  intestinal  mucosa.  No  ulcer  was  seen.  The  struc- 
ture was  classified  as  a  giant  Meckel's  diverticulum. 

Although  ^Meckel's  diverticula  occur  in  2  per  cent  of  the  iio]ndation  (1),  only 
a  small  proportion  of  these  are  symptomatic.  Embryologically,  Meckel's  diver- 
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Case  268,  Fig.  1.  Abdominal  radiograph  during  a  small  bowel  series  shows  an 
enormous  bilobed  sac  measuring  20  by  15  cm  in  greatest  diameters.  Considerable 
amount  of  retained  secretions  and  particulate  matter  ("gunk")  is  noted  at  the  bottom 
of  the  structure.  A  loop  of  small  bowel  in  the  right  upper  quadrant  is  moderately  dilated 
and  proved  to  be  just  proximal  to  the  sac  in  continuity. 


ticulum  represents  a  vestige  of  the  vitelline  duct  and  is  therefore  always  situated 
on  the  antemesenteric  border  of  the  ileum,  usually  about  30  cm  from  the  ileocecal 
valve;  on  rare  occasions  it  can  be  found  as  far  as  1  meter  proximal  to  the  valve. 
The  symptoms  related  to  Meckel's  diverticula  are  either  those  pertaining  to  me- 
chanical obstruction,  hemorrhage,  intussusception  or  volvulus.  Hemorrhage 
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is  usually  dui'  to  peptic  ulceration  I'roiu  lieterotoitic  gasti'ic  mucosa.  It  may 
attain  a  large  size  that  may  produce  mechanical  ol)struction.  Marshak  ct  al 
reported  a  large  ^Meckel's  diverticulum  measuring  9  by  10  cm  in  diameter 
with  many  surrounding  adhesions  which  caused  symptoms  of  chronic  intes- 
tinal obstruction  (21.  Another  similar  large  di^'i'ticulum  was  described  by 
Feist  ct  ;il  which  measured  10  cm  in  diameter  (3).  It  also  i)roduced  evidence 
of  chronic  intestinal  obstruction.  The  present  case  measured  10  cm  in  diame- 
ter and  j)roduced  both  guaiac  positive  stool  and  intermittent  vague  abdominal 
pain. 

Case  Report:  Giant  meckel'.s  diverticulum. 
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CASE  NO.  269 

A  4V2-year  old  male  child  was  referred  for  out-patient  radiographic  studies 
of  the  urinary  tract.  During  tlie  previous  six  weeks  the  patient  had  expe- 
rienced bouts  of  high  fever  with  no  positive  physical  finding.  A  urinalysis  was 
reported  as  negative  but  a  second  urinalysis  revealed  pyuria.  Past  history 
was  otherwise  noncontributory. 

An  intravenous  pyelogram  was  performed.  The  study  re\ealed  l)ilateral 
duplicated  collecting  systems.  One  of  the  ureters  on  the  left  side  was  dilated 
and  tortuous.  The  bladder  was  large.  A  peculiar  collection  of  ojjaciue  material 
was  seen  through  the  bladder  on  the  left  side  of  the  pelvis  (Fig  1) . 

The  patient  returned  several  days  later  for  voiding  cj'stouretlu'ography. 
Following  catheterization  and  instillation  of  opaque  material  into  the  bladder, 
a  diverticulum  filled  from  the  floor  of  the  bladder  projecting  to  the  left.  Some 
reflux  of  opaque  material  into  one  of  the  left-sided  ureters  also  occurred 
(Fig  2A).  The  bladder  emptied  well  during  the  act  of  voiding;  the  urethra 
was  well  demonstrated  and  was  normal.  However,  the  contrast  material 
which  had  entered  the  diverticulum  and  left  ureter  then  returned  to  the 
bladder  and  distended  it.  Although  the  patient  no  longer  experienced  the 
urge  to  void,  considerable  residual  urine  was  present  (Fig  2B), 

DLSCUSSION 

See  discussion  following  Case  No.  270. 

Case  Report:  Congenital  diverticulum  of  bladder  floor. 
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Case  269,  Fig.  1.  Abdominal  radiograph  from  an  intravenous  pyelogrom  reveals 
bilateral  duplication  of  urinary  collecting  systems.  One  of  the  ureters  is  dilated  and 
tortuous  on  the  left  side  (along  upper  arrows).  Bladder  is  large.  A  comma  shaped  col- 
lection of  opaque  material  is  seen  through  the  bladder  on  left  side  of  the  pelvis  (lower 
arrow). 


Case  269,  Fig.  2A.  Oblique  radiograph  of  the  pelvis  from  a  cystogram  shows  an 
opacified  diverticulum  originating  from  floor  of  bladder  (lov/er  arrow).  A  small  amount 
of  reflux  is  seen  in  one  of  the  left-sided  ureters  (upper  arrow). 
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CASE  NO.  270 

An  11-month-old  male  infant  was  in  good  health  until  several  days  prior  to 
admission,  at  which  time  the  mother  noted  apparent  abdominal  tenderness 
and  difficulty  in  having  bowel  movements.  On  admission  to  the  hospital, 
physical  examination  revealed  moderate  abdominal  distention.  There  was 
some  suprapubic  tenderness  to  palpation.  On  rectal  examination  a  mass  was 
palpated  anteriorly. 

Routine  laboratory  examination  of  the  blood  and  urine  revealed  no  signifi- 
cant abnormality.  Blood  urea  nitrogen  was  9  mg/100  cc. 

Routine  chest  X-ray  was  normal.  Plain  film  study  of  the  alxlomen  re- 
vealed a  pelvic  mass  suggesting  a  distended  bladder.  Intravenous  i)yelogram 
revealed  prompt  function  bilaterally.  Bilateral  hydronephrosis  and  hydroure- 
ter  was  evident.  A  film  made  at  one  hour  showed  a  very  large  distended  uri- 
nary bladder  with  a  large  posterior  extension  reaching  to  the  sacrum,  inter- 
preted as  a  large  diverticulum  of  the  floor  of  the  bladder.  Both  lower  ureters 
were  displaced  to  the  right  with  the  left  ureter  arched  across  the  top  of  the 
diverticulum  (Fig  lA).  A  24-hour  film  confirmed  the  marked  bladder  disten- 
tion and  diverticulum  formation  (Fig  IB). 

The  bladder  was  then  catheterized  and  450  cc  of  urine  was  removed.  Con- 
trast material  was  introduced  and  a  voiding  cystourethrogram  was  performed. 
A  lateral  view  revealed  the  bladder  and  diverticulum  joined  by  a  narrow 
neck  (Fig  2) .  The  study  was  not  successful  in  demonstrating  the  urethra. 

The  patient  was  transferred  to  another  institution  where  cineradiographic 
studies  of  the  bladder  and  urethra  were  performed  during  the  act  of  voiding. 
The  study  demonstrated  that  during  the  act  of  voiding  the  bladder  emptied 
mainly  into  the  diverticulum  and  only  a  small  amount  of  opaque  material 
passed  through  a  normal  urethra.  As  the  diverticulum  filled  it  exerted  extrinsic 
pressure  on  the  trigone  and  produced  a  functional  obstruction.  Following  com- 
pletion of  the  act  of  voiding,  opaque  material  from  the  fliverticulum  refilled 
the  bladder,  thus  producing  a  large  residual  urine. 

With  the  information  gained  from  this  demonstration  of  the  trigonal  anat- 
omy, the  patient  was  referred  for  urological  surgery.  The  diverticulum  was 
successfully  resected. 

DISCUSSION 

Diverticulum  of  the  bladder  is  one  of  the  less  common  mechanical 
])roblems  in  i:)ediatric  urology.  Early  thinking  suggested  that  these  were 

Case  269,  Fig.  2B.  Radiograph  made  during  the  act  of  voiding  shows  the  empty 
bladder  with  normal  mucosa.  The  smoothly  contoured  diverticulum  is  opacified.  Opaque 
material  from  this  diverticulum  then  refilled  the  bladder  but  the  patient  no  longer  had 
an  urge  to  void.  The  urethra  was  normal  (not  shown). 
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virtually  always  secondary  to  obstruction  and  increased  intravesical  pressure 
(1).  Many  oases  have  l)een  reported  in  the  more  recent  literatiu'e  which  docu- 
ment a  normal  infravesical  excretory  tract  and  thus  point  clearly  to  congeni- 
tal etiology.  Both  Case  No.  269  and  Case  No.  270  belong  to  this  category. 

Signs  and  symjitoms  of  infection,  and  less  commonly,  pain  on  micturition 
lead  to  urologic  investigation.  The  ability  of  tlu;  patient  to  void  a  second  time 


Case  270,  Fig.  2.  Lateral  radiograph  of  the  pelvis  from  cystogram  shows  bladder  and 
posteriorly  located  diverticulum  joined  by  a  narrow  neck. 

shortly  after  completing  micturition  may  be  a  clue  to  the  diverticular  res- 
ervoir; however,  this  is  not  a  specific  sign. 

Most  of  these  diverticula  are  globular,  narrow-necked,  and  take  origin  in 
relation  to  the  trigone.  Such  are  the  cases  presented.  Others  may  be  of  a 
more  diffuse  variety  and  originate  at  some  distance  from  the  trigone.  Reflux 
appears  to  be  related  to  the  proximity  of  the  diverticular  and  ureteral 
orifices  such  that  the  normal  valve-like  mechanism  at  the  uretero-vesical 
junction  is  impaired  (2). 

The  treatment  is  surgical.  Histological  examination  of  the  diverticular 
walls  reveals  in  general  a  sjjarseness  of  muscle  fibers  with  an  abundance  of 
fibrous  tissue,  consistent  with  a  congenital  etiology. 
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Case  Report  :  Congexital  diverticulum  of  bladder  floor. 

ACKNOWLEDGMENTS 

Tliis  casi'  is  presented  tlirougli  the  eourtesy  of  Dr.  Sidney  W.  Berczin,  Good 
Samaritan  Hosjiital,  Suffern,  N.  Y. 

Tlie  information  regarding  the  cineradiographic  study  is  presented  through 
the  courtesy  of  Dr.  Walter  E.  Berdon,  Babies  Hospital,  New  York. 

REFERENCES 

1.  Campbell,  M.:  Clinical  Pediatric  Urology,  Philadelphia:   W.  B,  Saunders  Company, 

1951,  pp  257-261. 

2.  MacKellar,  A.,  and  Stephens,  F.  D.:  Vesical  Diverticida  in  Children.  Australian  &  New- 

Zealand  J.  Surg.  30:  20,  1960. 

CASE  NO.  271 

This  26  year  old  female  was  seen  in  the  obstetrical  outpatient  department  in 
the  first  trimester  of  pregnancy.  A  routine  chest  X-ray  revealed  a  well  de- 
marcated elliptical  density  in  the  right  lower  lung  field  (Fig  1,  between  ar- 


Case  271,  Fig.  1.  There  is  a  well  demarcated  elliptical  radiopaque  density  in  the 
right  lower  lung  field  (between  arrows).  The  long  axis  of  this  density  is  oblique,  point- 
ing downwards  and  outwards.  There  are  numerous  tiny  lucencies  in  this  area  giving  it 
a  speckled  appearance. 
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rows).  Tlie  long  axis  of  the  density  was  oblique,  i)ointinj^  downwards  and  out- 
wards. Careful  scrutiny  of  this  extra  density  revealed  it  to  be  speckled  in 
character,  with  small  punctate  lucencies  between  the  denser  areas.  The  re- 
mainder of  the  lung  fields  appeared  normal.  A  chest  roentgenogram  taken 
2  years  previously  showed  no  abnormalities  of  the  right  lower  lung  field  (Fig 
2).  ^ 

Because  of  the  previous  normal  chest  X-ray  and  the  peculiar  shape  and 


Case  271,  Fig.  2.  Normal  Chest  Roentgenogram. 


polarity  of  the  right  lower  lobe  densitj^  a  careful  history  was  taken  which  re- 
vealed that  6  months  before  the  last  roentgenogram,  the  patient  had  aspirated 
an  enteric  coated  popular  "cold  capsule".  The  patient  experienced  a  severe 
coughing  spell  at  that  time  but  had  been  completely  asymptomatic  since. 

DISCUSSION 

Enteric  coated  capsules  can  apparently  remain  asymptomatic  and  dormant 
in  a  peripheral  bronchus  since  there  are  no  proteolytic  enzymes  within  the 
bronchus  to  dissolve  the  capsule.  In  the  case  presented,  there  was  no  evidence  of 
peripheral  atelectasis.  It  became  quite  important  to  recognize  that  the  density  in 
the  right  lower  lobe  represented  a  foreign  body  and  not  a  granuloma  as  this  pa- 
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tient  wa,s  picgnaiit  and  tlu-  latter  (lia<2;nosi8  would  have  nece^s^itated  further 
investigation  and  jjossible  treatment.  If  the  possibility  of  an  aspirated  capsule 
is  kept  in  mind,  its  identity  is  easily  recognizable  because  of  its  elliptical 
smooth  shape  and  its  peculiar  speckled  density. 

Case  Report:  Aspir.\ted  capsule  ix  right  lower  lobe. 
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FRANKLIN  HOLLAND I']R.  Ph.D. 
1899-1966 

Frunklin  Ilullaiidcr  died  at  his  home  ALirch  24  after  a  long  illne.ss  boi'iie 
stoically.  He  had  been  chief  of  tlie  (kLstrointestiiial  Research  Laboratory  and 
Attending  Gastrointestinal  Physiologist  at  The  Mount  Sinai  Hospital  for 
many  years. 

Franklin  Hollander  was  born  January  19,  1899  and  was  educated  in  New 
York  City,  receiving  his  B.S.  from  Columl)ia  in  1919  and  his  Ph.D.  from 
the  same  university  in  1924  in  the  field  of  Physical  Organic  Chemistry.  After 
a  year  spent,  interestingly  enough,  as  an  industrial  chemist,  came  the  turning 
point  in  his  career  as  a  biologist  of  the  gastrointestinal  tract:  Hollander 
studied  at  Yale  from  1925  to  1927  as  Medical  Fellow  of  the  National  Re- 
search Council  in  Lafayette  Mendel's  Department  of  Physiological  Chemistry. 
There  he  began  his  I'ewarding  studies  on  gastric  secretion.  These  were  con- 
tinued from  1927  to  1932  as  Assistant  Professor  of  Physiology  at  New  York 
Medical  College.  He  spent  his  summers  at  the  Biological  Laboratory,  Cold 
Spring  Harbor,  each  year  transporting  his  pouch  dogs  and  glassware  by  car 
from  the  city  to  the  laboratory  on  Long  Island.  After  a  foray  into  another 
area  of  research,  dental  caries,  at  Columbia  University,  Franklin  Hollander 
came  in  1936  to  Mount  Sinai  Hos]iital  in  New  York  where  he  remained  until 
his  death. 

Dr.  Hollander's  fundamental  contributions  were  to  the  problems  of  gastric 
secretion.  Combining  the  meticulous  precision  of  his  analytic  chemistry  with 
rigorous  statistical  methods,  Hollander  shed  light  on  fundamental  mechanisms 
of  acid  secretion.  To  the  disordered  and  chaotic  welter  of  conflicting  evidence, 
he  brought  order  and  clarity  by  demonstrating  the  consistency  of  the  highly 
acid  secretion  of  the  parietal  cell,  its  relation  to  the  tonicity  of  the  blood  and 
its  interplay  with  the  nonparietal  component  whose  composition,  he  discov- 
ered, resembles  interstitial  fluid.  The  two-component  theory  remains,  after 
thirty  years  of  inquiry,  a  model  of  lucidity  and  simplicity  in  accounting  for 
the  variations  of  gastric  acidity. 

Hollander  then  turned  with  a  natural  logic  to  the  study  of  that  most  diffi- 
cult of  substances,  gastric  mucus.  A  long  series  of  fundamental  studies  were 
concerned  not  only  with  the  chemical  nature  of  this  important  l)iological 
material,  but  as  always  in  his  work,  with  the  phyiological  nature  of  its  func- 
tions. From  this  arose  the  concept  of  the  protective  mucous  barrier,  which  has 
given  meaning  to  the  idea  of  "mucosal  resistance"  in  the  study  of  ulcer. 

An  outstanding  feature  of  Franklin  Hollander's  scientific  career  had  been 
his  stance  as  a  physiologist  speaking  to  clinicians  and  clinical  investigators  in 

533 


IN  MEMORIAM 


535 


his  own  hospital,  and  in  hi.s  scientific  societies  and  their  journals.  At  Mount 
Sinai  Hospital,  Franklin  Hollander  was  the  "Physiologist  to  the  Hospital" 
long  before  the  term  became  fashionable.  He  always  saw  the  relations  between 
his  basic  research  and  its  possible  clinical  applications.  The  most  striking 
illustration  of  this  was  his  study  of  vagal  innervation  of  the  canine  stomach 
which  led  to  the  development  of  the  insulin  test  of  vagal  continuity  in  man, 
commonly  referred  to  as  the  Hollander  test.  Another  more  recent  example 
was  his  study  on  movement  of  serum  ]irotcins  into  gastric  mucus,  which  he 
immediately  perceived  as  relevant  to  the  problem  of  protein  losing  enterop- 
athy. 

He  served  Gastroenterology  as  Associate  Editor  of  the  American  Journal 
of  Digestive  Diseases  and  Nutrition  from  1939-1943,  Associate  Editor  of 
Gastroenterology  from  1943-1953  and  Editor  in  Charge  of  Abstracts  since 
1953 ;  he  served  Physiology  as  a  member  of  the  Editorial  Board  of  the  Ameri- 
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